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Abstract 
Sustainable Supply Chain Management has become a topic of increased importance 
within the research domain. There is a greater need than ever before for companies to be 
able to assess and make informed decisions about their sustainability in the Supply Chains. 
There is a proliferation of research about its understanding and how to implement it in 
practice. This is mainly since “sustainability” has been assessed from various disciplines, 
organizational industries and organizational functional “silos”. There is a lack of 
comprehension, unified definition and appropriate implementation of Sustainable Supply 
Chain Management (SSCM), leading to failure in decision making for sustainability 
implementation within supply chains.  
The proposed research identifies the research gaps through the novel application of 
Systematic Literature Network Analysis (SLNA) to SSCM literature. In doing so, 
methods including Systematic Literature Review (SLR), Citation Network Analysis 
(CNA) and Citation Network Mapping of literature have been used to identify definitions, 
KPIs, barriers and drivers of SSCM from the literature. Furthermore, a combination of 
methods from Text Mining and Content Analysis has been used to identify KPIs, barriers 
and drivers from sustainability reports of top global manufacturing companies, to better 
understand the practices of organizations for SSCM.  
The consolidation of the findings from literature and practice led to the development 
of an SSCM Performance Evaluation Framework built on multiple methods. A 4-level 
hierarchical model has been developed by classifying the identified KPIs into Economic, 
Environment and Social as well as considering the key decision areas including tactical, 
strategic and operational.  
Furthermore, a rigorous data collection process was conducted among supply chain 
and sustainability managers from top global manufacturing firms and leading 
academicians in the field, assessing the identified SSCM KPIs. The collected data were 
analyzed through novel application of hybrid Multi-Criteria Decision Analysis (MCDA) 
methods, which includes Values Focused Thinking (VFT), Fuzzy Analytical Hierarchical 
Process (FAHP), Fuzzy Technique of Order Preference by Similarity to Ideal Solution 
(FTOPSIS) and Total Interpretive Structural Modelling (TISM), for prioritizing and 
modelling of interdependencies, interactions and weightages among SSCM KPIs.  
vii 
 
The results obtained were subsequently used to develop a Decision Support System 
(DSS) that allows managers to evaluate their sustainability by identifying problem areas 
and yielding guidance on the KPIS and most important areas to focus on for SSCM 
implementation. The application of DSS has been demonstrated in the context of a case 
company. From a theoretical development point of view, a Tree perspective framework 
contributing to the ecological Theory of Sustainability has been proposed through the 
identification of the most influential organizational theories, and how they interrelate with 
each other.  
Overall, the proposed research provides a holistic perspective of SSCM that incorporates 
the various aspects of organizations, relevant organizational theories and perspectives of 
academics and practitioners together. The proposed DSS may act as a guiding tool for 
managers and practitioners for SSCM implementation in companies. 
Keywords: SSCM, DSS, MCDA, Systematic Literature Network Analysis (SLNA) 
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1.1. Introduction 
In a time of resource scarcity and the scramble for survival, people have become aware of the 
importance of environmental sustainability. Hsu et al. (2014) identified manufacturing 
industries as the major contributor to global warming and climate change as a result of increased 
Green House Gas emissions and their negative impact on the environment (Hoejmose et al. 
2012; Beamon 1999). To overcome this global challenge, organizations are taking initiatives to 
become more environmentally friendly and sustainable (Hsu et al. 2014; Hamilton 1995).  
Sustainability, as a multi-disciplinary concept, was developed in the 1960s and revolves 
around catering for the planet and the environment surrounding us, while recognizing its finite 
and delicate nature alongside ethical concerns (Kopnina 2017; Hart 1997). It is a field that 
strives to “sustain” and preserve depleting natural resources, and has resulted in growing 
interest (and pressure) from customers, firms, governmental organizations and academia in 
response to the escalated deterioration of the environment (Giunipero et al. 2012). It is also a 
field that extends traditional Supply Chain Management (SCM) and manufacturing beyond 
current practices, to incorporate the environmental, social and economic perspectives while 
striving to cater for them (Touboulic & Walker 2015; Ahi & Searcy 2013; Ashby et al. 2012; 
Svensson & Wagner 2012; Liu et al. 2012; Pagell & Wu 2009; Piplani et al. 2008; Williams et 
al. 2008). Moreover, due to depleting resources and serious environmental problems, 
governmental bodies have introduced a vast number of strict environmental regulations 
(Abdallah et al. 2013; United Nations Framework Convention on Climate Change (UNFCCC) 
2012; Diabat & Simchi-Levi 2009; Lakhal et al. 2007; Vinodh & Devadasan 2007; Zhu et al. 
2007b). However, contrary to popular belief, much of the literature supports the notion that 
organizations can accomplish their goals while sustaining the environment (Wu & Pagell 2011). 
More recently, the World Commission on Economic Development (WCED) (Hur et al. 2004), 
and the Rio Earth Summit (Hsu et al. 2014), have emphasized the need for sustainable 
businesses, which aim to satisfy the needs of present generations without weakening the ability 
of future generations to satisfy their own needs (World Commission on Environment & 
Development (WCED) 1987).  
Furthermore, regardless of their industry, organizations retain the prerogative to choose 
whether or not to partake in sustainable development and green initiatives implementation 
(Perez-Batres et al. 2011), even though nowadays the best practices require the incorporation 
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of sustainability concepts within the functional operations of organizations (Sarkis et al. 2011; 
Linton et al. 2007; Srivastava 2007a; Handfield et al. 2005; Krikke et al. 2004; Beamon 1999; 
Beamon 1998; Sharma & Vredenburg 1998; Ehrenfeld & Gertler 1997). Companies are 
embracing ecofriendly chain management by creating a new role to be responsible for managing 
the sustainability aspects of the organizations’ operations (Montabon et al. 2007). It is therefore 
evident that organizations need to alter their methodologies towards a philosophy that considers 
environmental sustainability (Hsu et al. 2014; S. Vachon & Klassen 2006). Therefore, there 
exist many opportunities for becoming environmentally friendly (Van Bommel 2011; 
Dangelico & Pujari 2010; Dangelico & Pontrandolfo 2010; Sarkis 2003) that also fit within 
global responsibility for green movements. Companies can acquire and retain a sustainable 
competitive advantage and appease their stakeholders by reducing their environmental impact, 
acquiring and retaining sustainable resources, while appeasing their stakeholders (Delmas & 
Toffel 2004; Buysse & Verbeke 2003; Van Hoek 1999; Sharma & Vredenburg 1998).  
Sustainability is a growing area of research amongst the supply chain community; a 
topic that has yet to reach maturity (Sarkis, et al. 2011). Both researchers and practitioners are 
calling for greening and incorporation of sustainability within supply chains, to achieve better 
competitiveness (Handfield et al. 2005) through a proactive value-seeking sustainability (Mehta 
2002). A proactive effort from researchers and practitioners within this domain has collectively 
led to the emergence of “Green Supply Chain Management” (GSCM) (Narasimhan & Carter 
1998) and “Sustainable Supply Chain Management” (SSCM) (Piplani et al. 2008) 
terminologies. Both terminologies have yet to be given a consensus definition (Ahi & Searcy 
2013). These terminologies are often used interchangeably due to proliferation of research and 
overlapping understandings. This is because most of the knowledge pertaining to them lies in 
“narrow functional silos” within the organization (Farahani et al. 2009), for different stand-
alone industries (Stephan Vachon & Klassen 2006). Additionally, these topics have been 
addressed by various academic disciplines and perspectives which have yet to see eye-to-eye 
across the field (Fahimnia, Sarkis & Davarzani 2015; Ahi & Searcy 2013; Van Bommel 2011). 
However, GSCM and SSCM both run across all departmental boundaries within and between 
organizations, and both exist in the upstream and downstream regions of a supply chain (Zhu 
& Geng 2001; Aspan 2000). Moreover, the methodologies that have been provided are limited 
to certain scopes within the organization such as the utilization of Life-Cycle Analysis 
methodologies, order-lead times, quality implementations throughout the supply chain, total 
4 
 
distribution costs analysis and focus on the greening of suppliers (Gunasekaran et al. 2004; 
Gunasekaran et al. 2001). The proliferation of research and lack of interdisciplinary perspective 
prompts the need for a more holistic perspective and approach (Abbasi & Nilsson 2012) to fully 
comprehend sustainability and SSCM. Furthermore, there is a need to investigate the different 
drivers and barriers, which have impact upon manufacturers in different industrial sectors to 
adopt GSCM (Zhu et al. 2008c) and SSCM practices at varying levels.  
However, the conversion to such a system is a tedious process that requires significant 
organizational investment in terms of time, resources and money (Schneider et al. 2010). The 
identification of the key considerations and factors within cumbersome decision making 
processes (Wu & Pagell 2011; Genovese et al. 2010) is an onerous task. Furthermore, the 
acknowledgement of which Key Performance Indicators (KPIs) are the most influential, such 
that they should be focused on (Ahi & Searcy 2015), is important, especially given the complex 
decision making environment that currently shrouds the global marketplace, as it endeavours to 
become environmentally friendly. These are factors that need to be addressed and researched, 
especially in terms of considering the following; 
 Which KPIs are the most influential, such that they should be focused on? 
 How are these KPIs are interrelated with one another?  
 How should the decision makers endeavour to assess their sustainable supply chains? 
 How would the decision makers go about making the necessary SSCM decisions? 
 What appropriate framework should decision makers follow to become 
environmentally sustainable? 
1.2. Problem Statement & Research Question 
As such, the lack of uniformity and consensus about what the implementation of sustainability 
in the supply chain would incorporate, and the process therein further complicates the matter. 
This creates the need for further bridging the gap between literature and practice, to reveal the 
discrepancies in sustainability interpretation that exist between them. This is to satisfy the need 
for a structured guide, aiming to support organizations in their decision to become 
environmentally friendly, i.e. implementing SSCM. 
The following figure shows the scope of this interdisciplinary research, thus bringing 
together research areas (shown to the left of Figure 1). A systematic review in the form of a 
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Systematic Literature Network Analysis (SLNA) of these areas has helped to identify the key 
research gaps and facilitated the structuration of the following Research Question (also shown 
in the middle of Figure 1); 
“Which KPIs are imperative for integration in a DSS to help 
managers decide on their Sustainable Supply Chain 
performance assessment and implementation based on 
knowledge from literature and practice?” 
 
 
 
Figure 1 – Overview of Proposed Research 
This figure aims to bridge the identified research gaps, leading to the research outputs 
indicated at the right of the figure and ultimately leading to a DSS that would aid managers in 
their implementation of SSCM within their organizations while stemming from the most 
influential and prominent inputs from both literature and practice.  
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1.3. Research Aims and Objectives 
This research, based on literature and practice, aims to develop a better understanding and 
assessment of SSCM. The objectives of this research are to:  
 RO1: Investigate SSCM literature and methodological approaches applied therein using 
SLNA. 
 RO2: Identify the most influential definitions, barriers, drivers and KPIs within SSCM 
as applied in practice.  
 RO3: Develop a conceptual framework, which includes novel application of techniques; 
VFT, FAHP, FTOPSIS and TISM for SSCM performance assessment 
 RO4: Develop a DSS to assess current SSCM performance, identify problem areas and 
facilitate improved SSCM performance through recommendations. 
 RO5: Demonstrate the applicability of the proposed DSS in the context of a case study 
from the manufacturing environment. 
 RO6: Develop and present a unifying framework contributing to the ecological theory 
of sustainability by combining the most influential organizational theories and their 
interrelationships within SSCM. 
 
1.4. Scope of Research 
Research is naturally narrow in scope and subject to limitations, and this research is no different. 
Although the terms GSCM and SSCM are used interchangeably, the incorporation of GSCM is 
primarily to encompass all aspects of SSCM. However, as this field is still in its growth stages, 
several alternative terminologies and concepts which could be relevant may have been 
overlooked. Furthermore, the utilization of Systematic Literature Network Analysis (SLNA) is 
limited due to the timeframe parameters for its scope as well as the imminent limitations of the 
use of certain keywords and approaches for analysis. It aims to present a universal perspective, 
through a novel approach, that aims to identify the most important KPIs and theories from 
literature, and uncover the existing research gap(s) within the field. Within the subsequent stage 
of identifying organizational interpretations of sustainability and its implementation within their 
supply chains, the number of organizations and their reports contained within this analysis is 
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limited due to the need for an accessible representative sample. This is in addition to the research 
constraints impeding the analysis of more data.  
As for the Key Organizational Theories (KoTs), which are identified based on their 
association with SSCM KPIs, as established from literature and practice, the number of KoTs, 
as well as the association assessment methods, were constrained. Subsequently, the weightage 
and interrelationship modelling of the KPIs was also impeded by the time-constraints of this 
research which prevented the accumulation of a larger number of responses. Finally, the SSCM 
organizational evaluation tool could not be tested on a large scale due to the limitations in 
organizational accessibility as well as the sensitivity of the data therein, which once again 
limited the scope of this research, without affecting its overall outcome. Finally, the 
implementation of SSCM after the guidelines outlined from the DSS would entail the creation 
of a supportive organizational culture and enlisting managerial support. This requires further 
organizational behaviour research which stems beyond the scope of this research.  
1.5. Thesis Outline 
The thesis is structured into 7 main chapters, each of which is subdivided as is shown in the 
following diagram. Starting with Chapter I, the introduction, research context, aims, objectives 
and scope are presented. This is followed by Chapter II, which discusses the literature review 
and learning, leading to an overview of the methodologies applied in Chapter III and this is 
followed by the implementation and results from Chapter IV onwards. The subsequent sections 
tackle each of the Research Objectives, and Chapter IV covers the manufacturing perspective 
of SSCM. Subsequently, Chapter V showcases the interdependencies of the SSCM KPIs as 
outlined and weighted by expert opinions. These chapters culminate in chapter VI, where the 
SSCM evaluation and improvement tool is developed and tested through case studies. The thesis 
finally ends with Chapter VII, wherein the conclusions and future research are presented. 
Following on from the references comes the appendices wherein all additional relevant data, 
results and diagrams are presented.  
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Figure 2 – Thesis Outline 
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Chapter II  
~ Literature Review & Learning ~ 
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2.1 . Introduction 
This chapter introduces the concept of SSCM through an extensive literature review. It defines 
the meaning, encompassing concepts and the difference between Sustainable Supply Chain 
Management (SSCM) and Green Supply Chain Management (GSCM). Furthermore, this 
chapter identifies and highlights the most prominent theories within the area of SSCM. A novel 
application of SLNA, which integrates Systematic Literature Review and Content Network 
Analysis (CNA), is presented to:  
 Discuss how SSCM is presented in the literature, extract SSCM definitions and argue that 
there is a dichotomy between research and practice for SSCM interpretation 
 Extract barriers, drivers and KPIs for the SSCM implementation from the literature  
 Determine research methodologies and techniques used for SSCM research  
Through this application, this chapter identifies the existing research gaps, which set a precedent 
for the rest of the research.  
The supply chain has been broadly defined as a diverse and complex network with 
several connections of individuals, organizations, technologies and activities, all of which are 
connected within manufacturing or service processes. SCM is the integral linking of the process 
of managing and controlling the flow of materials, information and finance in the supply chain 
networks (New 1997). This process includes a procedure wherein raw materials from suppliers 
are synthesized into final products in factories and are consequently distributed to customers 
(Soni & Kodali 2011; Van Bommel 2011; Gunasekaran et al. 2004; Beamon 1999; Thomas & 
Griffin 1996; Bhote 1989).  
In response to the numerous economic and environmental challenges, it is important that 
the view of the supply chain management and its analysis extends beyond the boundaries of a 
single firm. This view is on the basis of both actions by managers, and enquiry from either a 
technical or journalistic approach (Wu & Pagell 2011; Gunasekaran et al. 2004; Beamon 1999; 
New & Ramsay 1997). When this overarching perspective of SSCM is combined with the 
development of strategies that incorporate environmental management, a strategic source of 
competitive advantage must be utilized (Sharfman et al. 1997). Thus, the assessment of the 
environmental impact of each organization’s supply chain and the driving force to make it 
increasingly environmentally friendly is important (Handfield et al. 2005). 
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There is a proliferation of research about the difference between Sustainable Supply 
Chain Management and Green Supply Chain Management. These two terms are used 
interchangeably across the literature, leading to a blend between the two with unclear and 
confusing concepts. The concept of GSCM practices requires organizations to address 
numerous issues that affect the environment. The majority of these issues may be internal to the 
organization while being central to improving enterprises’ environmental performance (Iraldo 
et al. 2009; Melnyk 2003). GSCM practices have a vital role in developing organizational 
capacities and abilities, to adjust their production processes and become green (Wu & Pagell, 
2010). According to literature, GSCM has been defined as;  
“integrating environmental thinking into supply-chain 
management, including product design, material sourcing 
and selection, manufacturing processes, delivery of the final 
product to the consumers as well as end-of-life management 
of the product after its useful life.” 
(Srivastava 2007b, p.55) 
GSCM has also been defined as;  
“…the direct involvement of firms with its suppliers and 
customers in planning jointly for solutions to reduce the 
environmental impact from production processes and 
products, for environmental management and exchange of 
technical information with a mutual willingness to learn 
about each other’s operations.” 
  (Tseng & Chiu 2013, p.2) 
While on the other hand, the concept of SSCM strives to delve beyond the boundaries of mere 
economic and environmental perspectives, to incorporate the social aspect as well. This is 
because the actions of organizations can have adverse effects upon all three dimensions. 
However, as has been mentioned previously, there is yet to be an all-encompassing definition 
for SSCM (Koh et al. 2012). As such, the most comprehensive definition applicable to SSCM 
was the one coined by Ahi and Searcy (2013) as follows:  
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“The creation of coordinated supply chains through the voluntary 
integration of economic, environmental, and social considerations with 
key inter-organizational business systems designed to efficiently and 
effectively manage the material, information, and capital flows 
associated with the procurement, production, and distribution of 
products or services in order to meet stakeholder requirements and 
improve the profitability, competitiveness, and resilience of the 
organization over the short and long term.” 
(Ahi & Searcy 2013, p.339) 
This definition highlights the main criteria and aspects of SSCM implementation, albeit limited 
in context as it does not cover development of the supply chain, business processes, focuses on 
stakeholder requirements and falls short in addressing the enforced implementation of 
sustainability through regulations and governmental agencies, for example. It is important to 
note that the terminology has changed over the years; Table 1 indicates some terms and 
definitions under which SSCM practices have been studied over the years: 
Table 1 – Historic Definitions of SSCM  
Terminology Research 
Reconciling industrial metabolism (Ayres & Kneese 2012) 
Material flow balancing concept refinement (Ayres 1978) 
Incorporating competitive advantage acquisition with economic benefits for 
environmental practices 
(Frosch & Gallopoulos 1989) 
SCM is perceived as a strategic competitive weapon (Bhote 1989) 
Industrial ecology principles & Life Cycle Analysis were initiated in the 1980’s (Erkman 1997) 
Pollutant inventories & their impacts on decision modelling (Stern, 1998)  
Green logistics (Murphy & Poist 2003) 
Green purchasing (Min & Galle 2001) 
Sustainable supply network management (Young & Kielkiewicz-young 2001) 
Sustainability in Corporate Social Responsibility networks (Kovács 2004) 
Environmental logistics (Gonzalez-Benito & Gonzalez-Benito , 2006) 
Sustainable supply chains (Linton et al. 2007) 
Supply chain environmental management (Sharfman et al. 2009) 
Integral Chain Management (Van Bommel 2011) 
Balancing priorities; decision making in SSCM (Wu & Pagell, 2011)  
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Over the years, as SSCM definition has developed and each of these fields has matured, 
it has become clearer what each of these terms refers to and how they are applied within 
organizations. It is also evident from literature that there is an increasing research interest in 
the area of sustainability (White 2013; Fisher 1997; New 1997). This is happening due to the 
introduction of new products, their raw materials and natural resources, accompanied with the 
markets within which they are launched, are all moving towards global models in line with the 
continuously globalizing economy (Van Bommel 2011). In other words, the existing focus on 
companies more favoured cost saving methods versus the impact that cost saving has on the 
local environment is now a prominent focus for governments’ objectives and sustainable critics. 
This increase in knowledge requires greater focus as most of what is understood in GSCM lies 
in “narrow functional silos” within the organization (Koh et al. 2012; Farahani et al. 2009).  
The environmental impact of supply chains, such as air emissions and solid waste 
disposals, need to be monitored as part of governmental policies aiming to secure regulations 
that sustain the environment (Zhu, et al. 2007). As Kuhn identified; “the significance of crises 
is the indication they provide that an occasion for retooling has arrived” (1963, p.76). Hence, 
a criticality viewpoint was established in assessing industrial ecology developments (Bey 2001), 
while other research focused solely on green designs (Zhang et al. 1997). A majority of 
researchers focus on cost minimization with little research utilizing multiple objectives as well 
as economic and environmental goals (Fahimnia, Sarkis & Davarzani 2015). Others focused on 
the necessity for green implementation, with the majority of research being empirical and 
quantitative (Srivastava 2007b) .  
Furthermore, literature suggests that GSCM revolves around the integration of an 
environmental approach into supply chain management (Zhu et al. 2007b). While SSCM 
focuses more on the Triple-Bottom-Line (TBL), a term coined by Elkington (1994) and which 
includes Economic, Environmental and Social levels, thus defined as a term broader than 
GSCM and incorporating the social aspect. Figure 3 depicts the Triple-Bottom-Line 
interconnectedness with SSCM and GSCM. 
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Figure 3 – The overlap between GSCM & SSCM 
As can be seen, GSCM incorporates aspects within the realms of Economic and 
Environmental, while SSCM encompasses all aspects of Economic, Environmental, Social and 
even GSCM, thus providing a broader perspective that facilitates better achievement of 
sustainability across the organization. It can be seen from Figure 3 that the three circles in the 
Venn diagram depict the Triple-Bottom-Line; Environmental, Social and Economic. Each of 
these may have the following non-exhaustive examples of sub-items: 
Table 2 – TBL sub-items 
   - Environmental 
o Clean Air, Water & Land 
o Emissions Reductions 
o Zero Waste 
o Biodiversity 
o Releases & spills 
 - Economic 
o Innovation 
o Capital Efficiency  
o Risk Management 
o Margin Improvement 
o Total Shareholder Return 
- Social 
o Diversity 
o Human Rights 
o Labor Relations 
The intersections between these circles are labelled A, B and C, which respectively relate to the 
following, non-exhaustive list, amongst many other relevant items: 
Table 3 – Intersections of variables in Figure 3 
 A – Socio-Economic 
o Job Creation 
o Skills Enhancement 
o Local Economic Impacts 
o Social Investments 
o Business Ethics 
o Security 
 C – Socio-Environmental 
o Safety & Health 
o Environmental Regulations 
o Global Climate Change 
o Access to water 
o Crisis Management 
o Environmental Justice 
 B – Eco-Environmental 
o Resource Efficiency 
o Product Stewardship 
o Life-Cycle Management 
o Products to Services 
 X - Sustainability 
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Considering the SSCM definitions, Koh et al. (2012) established that the literature is 
lacking a single universal definition to describe how it encompasses multiple meanings to 
different research topics, especially terminologies that have been mentioned over the years. 
This could be due to the varying disciplines conducting research in this area from differed 
perspectives with various different terminologies and perspectives (Gurtu et al. 2015).  
Researchers have studied this concept from various perspectives such as: Engineering, 
Ecology, Economics, Business, and many others. Thus, the underlying principles are noted 
from literature reviews to create and maintain a consistent and simple definition to be used 
across all fields of research. Subsequently, the following section covers the literature review 
with novel application of SLNA to identify the research gaps, KPIs, barriers and drivers from 
the body of literature.  
 
2.2. Literature Review of SSCM 
This section reviews the literature of SSCM using a rigorous analysis with an aim to identify 
the research gaps. The methodology used for identifying the research gaps is hinged on a novel 
Systematic Literature Network Analysis (SLNA) approach, which is applied to the SSCM 
literature. The SLNA approach is based on the integration of Systematic Literature Review 
(SLR) and Citation Network Analysis (CNA). The SLNA approach reviews the literature 
thoroughly and assesses the interrelationships that exist within and across the literature. The 
preliminary research indicates that SLNA has not been used previously to identify a research 
gap within a research domain, but rather used to identify patterns in literature and key 
authorships (Fahimnia et al. 2015; Colicchia & Strozzi 2012). The next section further explores 
SLNA, its underpinning concepts and its application to review SSCM literature.  
2.2.1. The SLNA Approach  
The following subsections outline the details of the SLNA approach. 
- Background and Justification of SLNA:  
Literature reviews look at the various approaches to the topic at hand (Govindan et al. 
2013; Gimenez & Tachizawa 2012), while aiming to combine findings from primary studies 
and generating data about a phenomenon (Whittemore & Knafl 2005). Any literature review 
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requires some guiding theory, perspective and models (Webster & Watson 2002). Tranfield et 
al. (2003) established that SLRs of a topic facilitate cross-disciplinary interaction and 
development. This inter-disciplinarity is important, and as has been identified by Colicchia and 
Strozzi (2012) a method for the progression of the field. This is further supported by the 
increasing amount of literature reviews presented in recent times. These reviews use various 
methodologies ranging from meta-analyses to integrative and qualitative reviews (Whittemore 
& Knafl 2005).  
The proposed methodology for this literature review is Systematic Literature Network 
Analysis (SLNA); a combination of SLR (Rousseau et al. 2008; Tranfield et al. 2003), and 
Citation Network Analysis (CNA) (Calero-Medina & Noyons 2008; Kajikawa et al. 2007; 
Batagelj 2003; Borgatti et al. 2002; Ahuja et al. 1993). SLNA – which was coined by Colicchia 
& Strozzi (2012) – facilitates the first research objective by identifying definitions, barriers, 
drivers and KPIs through analysis of the most prominent literature in the field. The SLR (Ahi 
& Searcy 2013; Min & Kim 2012; Seuring & Müller 2008; Burgess et al. 2006), embedded 
within the SLNA, provides an objective overview for the field (Denyer et al. 2009), and 
facilitates the identification of themes and keywords (Colicchia & Strozzi 2012). The SLR will 
be coupled with the CNA technique, which provides a graphical representation of the networks 
of research papers (Batagelj 2003), indicating the interrelationships between concepts, and 
symbolizing the flow of field development, contributions and structuration (Kajikawa et al. 
2007; Ahuja et al. 1993). CNA facilitates the identification of the relationships that exist 
between research, authors, institutions and the underpinning factors in a research field 
(Colicchia & Strozzi 2012; Burgess et al. 2006). 
The approach in this research, noted by the universal popularity of other similar research, 
has been proven to gain the most comprehensive results. For example, Burgess et al. (2006) 
sourced 10,000 articles from a comprehensive online database. This was with a keyword search 
limited to “SCM”, while controlling quality by limiting the search to peer-reviewed journals. 
This approach led to a review of 614 papers, identified along 11 dimensions integrated into four 
distinct groupings and six types of theory related activities. A four-stage process was applied 
as a review methodology, which includes establishing the process, identifying the classification 
process and structuring the analysis, leading to finally conducting the analysis and yielding the 
results. Furthermore, Gimenez & Tachizawa (2012) utilized two classes of keywords through a 
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meta-search engine to evaluate 117 papers from a sample of 628, leading to the classification 
of the papers, establishing that earlier research was more exploratory in nature.  
However, Linton et al., (2007) analyzed the research published between 1990-2014 and 
concluded that sustainability publication is on a trajectory, supporting the claim for the 
increasing importance of sustainability in policymaking. Additionally, Chai et al., (2013) 
assessed 123 journal articles across 7 databases during the period between 2008-2012 and 
identified that there is a lack of SLR for the analysis of sustainable supply chain management. 
- Literature Review Process  
The literature review process includes several key stages, such as: problem formulation, 
literature search, data evaluation and analysis, followed by the presentation stages (Cooper et 
al. 1997). Batagelj (2003) highlighted the importance of establishing a well-defined strategy for 
the literature search phase, as bias and incompleteness could hinder the overall progress of the 
research by generating inaccurate results (Whittemore & Knafl 2005). Thus, it is essential 
initially to acknowledge the purpose of SLNA. SLR has been used by several authors including 
Del Brio & Junquera (2003), who assessed papers discussing environmental innovation 
management in SMEs, while Beske et al. (2014) assessed SSCM and dynamic capabilities to 
acquire competitive advantages within the food industry. Srivastava (2007a) conducted a state 
of the art literature review of GSCM. Genovese et al. (2010) have reviewed the literature 
surrounding the supplier selection considering environmental criteria for competitiveness 
improvement. Abbasi & Nilsson (2012) conducted a systematic review and Content Analysis 
while exploring themes and challenges of environmentally sustainable supply chains. 
Miemczyk et al., (2012) have conducted a literature review of definitions for sustainable 
purchasing and supply management, while Seuring & Gold (2012) conducted an analysis-based 
literature review and Content Analysis on SCM and Gimenez & Tachizawa (2012) assessed 
how sustainability could be extended to suppliers as outlined in the literature. Fahimnia et al. 
(2015) conducted a review and bibliometric analysis of GSCM. All the aforementioned research 
contributes to the notion that SSCM is a topic of interest, that there is increasing research in this 
area, that there continues to remain a dichotomy between the findings due to the various focus 
points adopted by each, and that there is yet to be a consensus definition of what SSCM entails. 
Each of these has a limited focal point, which is either within an organizational function, such 
as purchasing or logistics, or a single aspect within the supply chain, such as suppliers, or a 
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particular industry, such as the food industry. All of this further contributes to confirming the 
absence of research that assesses the supply chain and the implementation of SSCM therein.  
- SLNA procedural steps 
 The Systematic Literature Network Analysis (SLNA) approach was identified as the 
first stage for this research. Several key references were used to develop this SLNA approach, 
which outlines the steps for searching the literature, data collection, evaluation and analysis. 
However, as a preliminary step, it is important to make sure that all the terminologies utilized 
within the GSCM domain were capitalized and built upon within the research phrases. As was 
highlighted earlier, many researchers use the terms GSCM and SSCM interchangeably, thus it 
is important to make sure that no important research is omitted. Table 4 details the various 
stages for SLNA and Figure 4 symbolizes the stages of the process for the SLNA. 
Table 4 – SLNA Procedure 
Stage Details 
St
ra
te
gi
za
tio
n 
an
d 
pr
ep
ar
at
io
n a) Based upon the literature review, a brainstorming session is initiated amongst a group of three experts, 
identified based on personal contact, within which all viable terminologies that refer to GSCM and SSCM are 
discussed, and keywords are identified. 
b) Generated keywords are then classified into two categories; Supply Chain Keywords and Environmental 
Keywords. The Boolean search strings are then generated using combinations of these keywords and 
operators. The strings are reviewed and discussed with a panel of experts and adjusted accordingly. 
c) Appropriate databases were identified that facilitated maximum coverage of GSCM and SSCM literature. 
R
es
ul
ts
 a
nd
 
fil
tr
at
io
n 
d) The Resulting search strings are then inserted into several search databases to identify as many articles as 
possible. Inclusion criteria are as general as possible (All Inclusive) to prevent influential papers / publications 
that may have been published in sources other than journals from being omitted. 
e) Articles are collated and titles screened to identify relevance to research. Irrelevant articles are manually 
omitted. 
f) Article database is collated and input into Bibexcel for duplicate removals and conversion to appropriate formats 
A
na
ly
si
s 
an
d 
as
se
ss
m
en
t 
g) The abstracts of the remaining articles were scanned/reviewed to ensure relevance. Appropriate software for 
Citation Network mapping was identified by comparison between all available software. Citation network of 
resulting articles is mapped using Gephi Network Analysis software as it was identified as the most suitable 
software package. Main path of articles referenced within the network shall be exported and assessed for inter-
relationships as the main path analysis identifies the most relevant papers at different points in time that 
constitute the backbone of research in the field (Colicchia & Strozzi, 2012). This is in addition to representing 
the heuristic development of the field and the influential papers that have shaped its foundation 
h) Assess articles on main path and inter-relationships as well as their suggestions, approaches, outcomes and 
identify the most recent findings and shortcomings of the field, highlighting the research gap and its underlying 
reasons; e.g. why is there a lack of consensus on GSCM terminologies and definitions? 
 
As can be seen in Figure 4, the process is an iterative multi-stage process which starts 
with keyword identification, followed by the establishment of Boolean search phrases which 
are then discussed with the panel of experts. Upon identifying the suitability of the phrases, the 
search criteria and filters are prepared. The next step is to compare the available online 
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databases and identify the suitable database(s) and the respective software for each database. 
The search is subsequently conducted and inclusion/exclusion criteria are established and data 
filtered. The articles are then downloaded and imported into the analysis software, which is then 
manually assessed with Text, Network and Keyword analyses and the results are imported into 
the CNA Network Modelling software of choice. The stages and steps through the 
implementation of SLNA, and results thereof are discussed in subsequent sections.  
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Figure 4 – SLNA process 
21 
 
2.2.2. SLNA Implementation 
This section discusses the application of SLNA, which aims to assess and review the literature 
while mapping the interrelationships between publications and authors, and uncover the 
research gaps, KPIs, barriers and drivers. Samples chosen in the operations management 
literature were selected to be as inclusive as possible while excluding outliers, which would 
affect the overall data or would create confusion due to diverse responses (Hsieh & Chang 2009; 
Theoharakis et al. 2007). As for the sample sizes, depending on the methodology, they ranged 
from 500 papers, reaching up to 12,000 (Theoharakis et al. 2007). Meanwhile, other articles 
which provided statistical analysis of previously published literature included as many as 40 
journals (Schniederjans et al. 2009; Zsidisin et al. 2005). 
There are several journals that focus on operations management, supply chain and 
logistics within the manufacturing context. There are currently limited constructs to the 
evaluation of journals by academics (Xu et al. 2011; Theoharakis et al. 2007; Zsidisin et al. 
2005). Some proposed an approach through evaluative measures such as article counts, while 
others proposed academic opinion and influence of survey results (Coe & Weinstock 1984; Coe 
& Weinstock 1969). The most generic method would be the citation counts (Vastag & 
Montabon 2002). However, one of the most influenced and widely accepted in the UK is the 
Association of Business Schools (ABS) rankings (ABS, 2010) for the top journals in operations 
management. It is noteworthy that there exists a relationship between the type of journal and 
type of research conducted as well as their employed methodologies (Machuca et al. 2008; 
2007). Meanwhile, it is imperative to identify that journal rankings incorporate significant value 
judgements due to adaptation to academic culture (Vastag & Montabon 2002). Based on the 
premise that different journals have different perspectives such as empirical research, decision 
science etc., it is thus further understood that SSCM research has been assessed from different 
viewpoints. However, it is also noteworthy that this research has considered the journals that 
are perceived to be prestigious with high rankings, within the domain of manufacturing, 
operations management, supply chain and logistics. The specifics of these journals shall be 
discussed within the realms of the subsequent sections, alongside the choice of software and the 
steps of implementing SLNA. 
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- Keyword(s) Selection 
Table 5 – Keywords used for SLNA 
Supply Chain Keywords Environmental Keywords 
Supply Chain 
Supply-Chain 
Supply Chain Coordination 
Supply Chain Management 
Green Supply Chain Management 
Sustainable Supply Chain Management 
Green Logistics 
Green Supply Chain 
Manufacturing 
Produc* 
Operations 
Networks 
Process 
Sustainability 
Corporate social responsibility 
Green 
Environment* 
Integrat* 
Reduc* 
Sustainab* 
Social Management 
Environmental Management 
 
The keywords with an asterisk are used for any alternative variations of the word as it 
is within the articles to be assessed (Gimenez & Tachizawa 2012). For, as David and Han (2004) 
explain, the asterisk at the end of a search word allows for different suffixes. For example, the 
search word ‘finding∗’ will return articles with ‘finding’ and ‘findings’. The first stage after 
assimilating the keywords for search strings is data reduction through classification; this helps 
the analysis, as the data is divided into sub-categories that are grouped based on a logical system 
(Whittemore & Knafl 2005). The keywords were broken into two categories: terminologies 
relating to ‘supply chains’ and ‘environmental management’. The keywords were then used, 
upon their utilization of these via a string of Boolean logic operators to identify the highest 
number of relevant articles. The keywords are used to generate Boolean phrases which are then 
input into Scopus, as one of the pertinent online databases for the given research field. This 
facilitates data generation including citations and references.  
Many systems exist for researching, identifying and acquiring research with specific 
sites for certain fields (Zhao & Strotmann 2015, pp.96–97). Meanwhile, Web Of Science (WOS) 
underestimates true citation impact as it excludes non-ISI journals, as well as having poor 
aggregations of title variations. On the other hand, Google Scholar, despite utilizing a web 
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crawling theme across scientific and scholarly literature, accompanied with a PageRank 
algorithm (Scimago Journal Rank), includes non-scholarly citations, which affects the results, 
as well as failing to index all scholarly articles (Zhao & Strotmann 2015; Storey et al. 2007). 
The following figure shows the combinations of the various queries conducted in Scopus online 
database.  
 
Figure 5 – Scopus online search queries 
Table 6 represents the number of citations per paper for the 25 most highly cited papers, as per 
the ranking scores. This indicates the most influential papers and research conducted within this 
domain, and thus signifies the importance of the concepts included in the research paper. These 
research papers contribute to further uncover the true meaning of sustainability considered in 
academia.  
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Table 6 – Citation count for most cited papers 
 Resource 
<2
01
1 
20
11
 
20
12
 
20
13
 
20
14
 
20
15
 
To
tal
 
1 Green supply-chain management: A state-of-the-art literature... 2007 119 100 127 158 166 97 767 
2 Performance measures and metrics in a supply chain 
environme... 
2001 296 72 71 74 93 46 652 
3 A framework of SSCM: Moving t... 2008 48 38 86 80 112 68 432 
4 Sustainable operations management 2005 71 30 53 65 87 59 365 
5 The rhetoric and reality of supply chain integration 2002 133 21 23 20 21 16 234 
6 Supply chain partnerships: Opportunities for operations rese... 1997 147 18 19 13 8 9 214 
7 Reverse channel design: The case of competing retailers 2006 54 27 33 46 27 20 207 
8 The antecedents of supply chain agility of a firm: Scale dev... 2006 65 23 33 24 30 24 199 
9 Simulation in the supply chain context: A survey 2004 95 17 21 24 25 7 189 
10 Strategic analysis of logistics and SCM ... 1998 111 15 27 10 11 6 180 
11 From supply to demand chain management: Efficiency and 
custo... 
2002 101 19 21 20 11 7 179 
12 A simulated annealing methodology to distribution network de... 2003 72 12 22 29 13 11 159 
13 From reversed logistics to green supply chains 1999 59 17 34 16 21 12 159 
14 Planning and coordination of production and distribution fac... 2001 83 14 23 16 16 6 158 
15 Designing and evaluating sustainable logistics networks 2008 27 19 30 23 33 23 155 
16 Interorganizational determinants of environmental purchasing... 1998 64 18 24 17 20 12 155 
17 Performance measures and metrics in logistics and supply 
cha... 
2007 30 22 22 17 39 22 152 
18 Firm-level correlates of emergent green supply chain 
managem... 
2008 18 18 26 32 27 25 146 
19 SSCM: Evolution and future di... 2011 -  2 24 30 50 36 142 
20 Empirical research opportunities in reverse supply chains 2006 47 26 23 23 11 7 137 
21 Design of sustainable supply chains under the emission tradi... 2012 -  -  12 22 48 49 131 
22 Reverse SCM and electronic waste recycli... 2005 58 15 14 17 18 7 129 
23 Environmental principles applicable to green supplier evalua... 2007 19 14 20 30 15 18 116 
24 Differences between forward and reverse logistics in a retai... 2002 66 8 9 15 11 6 115 
25 Performance contracting in after-sales service supply chains 2007 19 14 17 29 17 16 112 
 
As can be seen, the number of years since publication have little impact on the number 
of citations and the annual citation levels seem to vary. This could be due to increasing interest 
in the field. This in turn indicates the influence of the definitions and concepts presented in 
these research papers. It should come as no surprise that the five authors with the highest 
publication volume and H-index values are those whose papers have been cited by most 
research undertaken in the fields of Green and SSCM, as shown in Figure 6. The identification 
of the key authorships and key papers facilitates understanding which has contributed to the 
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development of the SSCM definition and field. This identification is based on frequencies, 
hinged on the citation count for the papers.  
As can be seen, there are several variations across the literature in their interpretations 
of GSCM and SSCM. This could be attributed to the different journals that these papers have 
been published within, but it still supports the notions put forth that SSCM has no consensus on 
its definition and that the field has been perceived from various perspectives. However, each of 
these articles has contributed to the field, especially as they have been cited numerous times 
and thus act as a reference point and a clear representation of the academic perceptions of 
GSCM and SSCM. When this is further corroborated with the individual researcher’s H-index 
for publications, it becomes clearer which of these researchers are more influential within the 
SSCM domain. This points to individuals who have shaped the field academically and whose 
opinions are revered within the realms of SSCM, thus could be referred to as experts within 
later stages of this research.  
 
Figure 6 – Most cited authors in GSCM and SSCM. 
Figure 6 shows that Sarkis, J., Klassen, R.D., Carter, C.R., Seuring, S., and Handfield 
R.B., dominate the top of the chart for citation sum within H-score for publications within the 
SSCM and GSCM domains. This variation of perspectives and interpretations is further 
supported by the information presented in Table 7, which shows the different journals that have 
encompassed SSCM publications, and which play an important role in shaping the future of the 
field (Xu et al. 2011). It is noteworthy that the journals identified were those that had published 
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research that fell within the keyword search criteria, and have discussed GSCM or SSCM in 
some form. It is interesting to note that most the resulting journals are based on Operations and 
Production Management. Given the various requirements and ethos of each of these journals, 
this further supports the notion that SSCM has been perceived from many perspectives, which 
could contribute to the lack of a consensually agreed upon definitions. Thus, necessitating a 
holistic overview for SSCM literature, its encompassing KPIs, barriers, drivers and definitions. 
 
Table 7 – Main journals that have encompassed SSCM research publications 
Journal Title/name Number of 
publications 
Journal of Cleaner Production 57 
International Journal of Production Economics 38 
International Journal of Production Research 26 
Transportation Research Part E Logistics and Transportation Review 23 
Supply Chain Management 20 
Resources Conservation and Recycling 17 
International Journal of Physical Distribution and Logistics Management 14 
IFIP Advances in Information and Communication Technology 14 
International Journal of Logistics Systems and Management 13 
Business Strategy and the Environment 13 
International Journal of Operations and Production Management 11 
European Journal of Operational Research 10 
Production Planning and Control 10 
Journal of Manufacturing Technology Management 9 
Benchmarking 9 
Management Research Review 7 
Industrial Management and Data Systems 7 
Global Journal of Flexible Systems Management 6 
International Journal of Procurement Management 6 
 
Furthermore, the analysis of SSCM publications in terms of originating countries provides some 
further insights into the research in SSCM. Not only could it highlight countries with a high 
interest and number of publications in the field, but could also shed some light on the various 
regulatory pressures that surround organizations globally for SSCM implementation, based on 
geographic location. 
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Figure 7 – Number of publications by top countries 
It is evident from Figure 6 that China, the USA, the United Kingdom and India are all at the 
forefront of the research publications in the field. This is important to note and corroborate with 
the top sustainable manufacturing organizations worldwide, to identify whether this research is 
translated into action. Meanwhile, Figure 7 represents the key disciplines which have presented 
SSCM research, which once again indicates the different approaches and perspectives from 
which SSCM has been researched. It is noteworthy that business, management and decision 
sciences domains top the list with the most number of publications and research, followed by 
engineering, especially given that there was an unspoken perception that social and 
environmental sciences would top the list, given the nature of the topic at hand. This means that 
SSCM remains primarily within the parameters of operations management disciplines, with 
publications from four key nations This supports further the earlier notion that SSCM as a topic 
is being assessed from various perspectives which could once again contribute to the lack of a 
unifying definition and understanding of its implementation, leading to the existing research 
gap and thus necessitating the research objectives outlined in chapter 1. 
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Figure 8 – Main research areas for SSCM  
Furthermore, Figure 9 indicates that there was a steady increase in the number of 
publications within this domain until 2009. This proves the increasing interest in the topic of 
sustainability, an interest which suddenly leaps, reaching peaks in 2013 and 2014, supporting 
the notion of increasing interest in the environmental research and SSCM, which could have 
been backed by special issues on the topic in those years. The question that still stands is 
whether the number of publications will continue to increase or decline (2015 and 2016 data 
are still premature at the time of this study and no conclusion can be drawn). However, this 
further corroborates the earlier notions that there is an increasing interest in understanding how 
sustainability is implemented within organizations, especially from the perspective of literature. 
 
Figure 9 – The trend of SSCM publications 
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- SSCM Approaches & Techniques 
Having assessed the literature, the next natural step is to understand what methodologies have 
been employed to review SSCM and wherein lies a methodological research gap. Subsequent 
to the literature review, it is apparent that there is little to no comprehensive systematic review 
of the methodological issues employed in SSCM (Burgess et al. 2006), but several 
methodologies have been employed in research conducted in both GSCM and SSCM. It is 
important to note that in this research, the term “method” refers to an approach utilized to realize 
a research objective, while research “methodology” refers to quantitative and qualitative 
methodological approaches. In the past, the field of operations management has been affiliated 
primarily with the faculty of Engineering, which is understandable as the majority of methods 
utilized are: mathematical programming, heuristics-based algorithms and statistical methods 
(Schniederjans et al. 2009). It is therefore perceived to be a highly quantitative-based field, such 
that many research publications are embedded within the statistical elements and approaches. 
Most of the articles published within the operations management field employ statistical 
analysis methodologies such as heuristics algorithms, integer linear and non-linear 
programming, simulation modelling, statistical analyses …etc., and this is to further test and 
examine the hypotheses, and establish substantial evidence and support the findings. Several 
other studies developed a conceptual framework, and proceeded to test it through empirical 
analysis (Rao & Holt 2005; Gunasekaran et al. 2004; Seuring 2004). There was a growing trend 
among researchers to employ structural equation modelling approaches such as Ravi et al. 
(2005); Sheu et al. (2005), and Ertug˘rul & Karakasoglu, (2009) for empirical investigation of 
their research.  
The process that these studies undergo is that, firstly, they conceptualize and, secondly, 
operationalize the constructs, in order to measure and assess the phenomenon under analysis 
(Zhu et al. 2008a). Seuring (2013) has assessed and reviewed the quantitative methodologies 
utilized within SSCM. Hammersley (1992) has identified that quantitative research 
methodology is an approach that can be generalized while using hypothetic-deductive 
methodology and utilizing numbers and statistics. Quantitative research methodology has been 
the “basis” of most research in the operations management field. Although it was initially more 
“aimed towards solving real life problems in operations management rather than towards 
developing scientific knowledge” (Will et al. 2002), it roots as far back as the scientific 
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management book  by Taylor (1911). The conceptualization of management science erupted 
from this era where it was merely systemized methodologies applied to managerial problems 
on the “shop floor” (Will et al. 2002). Forza (2002) has identified that by 1996, 60 percent of 
the published articles in operations management outlets used quantitative methods (Forza 2002). 
Therefore, it is noteworthy that statistics have identified that quantitative research in the field 
of operations management outnumbers qualitative research significantly. There is no distinct 
line between quantitative and qualitative data, especially since most of the methods such as 
interviews and surveys could be analysed in either way (Easterby-Smith et al. 2002). However, 
some purely statistical methods are attributed to quantitative methodology solely.  
Qualitative research methodologies such as case and field research, which have their roots 
in social sciences and anthropology (Easterby-Smith et al. 2002; Voss et al. 2002) are not 
published frequently in operations management journals (Forza 2002; Voss et al. 2002; 
Meredith 1998; New 1997). Furthermore, qualitative research is one of the “most powerful 
research methods” (Stuart et al. 2002; Voss et al. 2002) which has a great potential for its 
application in the operations management domain. Qualitative research methodologies are 
important in developing and understanding research and domains where theory does not yet 
exist (Stuart et al. 2002). 
According to Denzin & Lincoln (1998), Qualitative research methodologies is a “multi-
method research that uses an interpretive naturalistic approach to its subject matter,” (Denzin 
& Lincoln 1998). Qualitative research methodologies have the ultimate objective of developing 
concepts to aid the comprehension of social phenomena in “natural (rather than experimental) 
settings” (Pope & Mays 1995). Furthermore, qualitative research uses “theoretic 
generalization”, requiring direct observation and interaction within the “actual contemporary 
situation” (Meredith 1998), via social interaction occurring within the field that the researcher 
wishes to study (Easterby-Smith et al. 2002, pp.89–91). According to Van Maanen (1979) those 
conducting social research in organizations tend to “theorize well in advance of their facts”, and 
thus, manipulate reality to fit their personal experiences and theories which they reflect in their 
research. Meredith (1998) highlights that “during the theory development process, logic 
replaces data as the basis for evaluation…”. On the other hand, Van Maanen (1979) has 
outlined that there is no guarantee of “accurate and theoretically useful” data collection via 
assuming an ethnographic stance. Qualitative research can be very time consuming (Easterby-
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Smith et al. 2002) and thus presents researchers with a trade-off when opting for qualitative 
methodology, especially since qualitative researchers tend to “sacrifice scope for detail” 
(Silverman 2005). Qualitative research can take several alternative forms within the operations 
management context, some of which are: researcher as an employee, where the researcher is 
employed by the organization; researcher as the explicit role, in which the researcher is present 
on a daily basis within the organization but as a researcher; interrupted involvement, where the 
researcher visits the organization sporadically; observation alone, which is a complete outside 
observer stance in which the researcher avoids interaction with the study individuals (Easterby-
Smith et al. 2002, pp.110–114).  
Other qualitative research methodologies include (but are not limited to): interviews, 
life histories, critical incident techniques, repertoires and cognitive mapping (Cassell & Symon 
2004). According to Humphreys (2005), a qualitative research methodology encompasses a 
catalogue of alternative terminologies such as narratives of the self, self-stories, first person 
accounts, personal ethnography, reflexive ethnography and ethnographic memoirs. Meanwhile, 
other sources of data include personal observation, informal conversations, attendance at 
meetings and events, surveys administered within the organization, collection of objective data 
and review of archival sources (Humphreys 2005; Voss et al. 2002). Consequently, research 
“produces representations of the world that make the world visible” (Denzin & Lincoln, 2000). 
It is a research with “flexibility and emergent character”, accompanied by a mandatory 
requirement for “highly contextualized individual judgements” (Van Maanen 1998). 
Qualitative research provides a narrative of people’s views of reality, building social science 
constructs from members’ “concepts-in-use”. SCM is a continuing co-determinant which 
extends beyond the technical or journalistic comprehensions (New 1997), which increases the 
difficulty for making the choice of methodology in the field. Not only this, it is also imperative 
that the trade-offs between quality of data and efficiency are taken into consideration (Voss et 
al. 2002). More theoretical and qualitative research would reduce the gap between practitioners 
and scholars, while providing them with a hands-on experience of interaction with one another. 
This is because the methodologies employed facilitate the involvement of both (academic and 
practice) parties collectively, while yielding results that are easily interpreted by both without 
much discrepancy. These results could also be coupled with a guideline for similar instances 
(or phenomena) that may have occurred in other organizations, and could thus help advance the 
business environment as people learn from others’ mistakes.  
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The various prominent research methodologies employed in SSCM research include theory, 
case studies, survey, modelling and model developments, reviews, problem formulations 
(Kocabasoglu et al. 2007; Gunasekaran et al. 2004; del Brío & Junquera 2003; Beamon & Chen 
2001; Beamon 1998), literature reviews (Govindan et al. 2015; Igarashi et al. 2013), content 
analysis (Ahi & Searcy 2013; Croom et al. 2000) and empirical studies (which encompass case 
research, simulations, experiments, surveys and interviews) (Fahimnia, Sarkis & Davarzani 
2015; Srivastava 2007a). The empirical research conducted in GSCM and SSCM involves case 
studies and surveys. However, most of the research in this field adopts a modelling approach 
(Roth et al. 2008), such as mathematical modelling, dynamic programming, analytical network 
process, as well as other modelling and statistical methodologies (Noche & Elhasia 2013; Reza 
et al. 2012; Chen & Zhao 2010; Quak & Dekoster 2007; Sheu et al. 2005; Baumann et al. 2002; 
Will et al. 2002). The reality is that by combining various different methodologies, a complexity 
arises that can contribute to bias, inaccuracies and a lack of rigour (Whittemore & Knafl 2005), 
which can be attributed to the incompatibility of different methodologies with one another. 
However, there still exists a call for more case studies that depict reality. This will help in 
developing the field further and lead to a better understanding of SSCM by bringing closer 
approaches used by researchers and practitioners (Hervani et al. 2005). As for the research 
methods that are employed within SSCM research, the following Table 8 outlines the key 
analytical approaches adopted therein. 
 
Table 8 – Literature on SSCM approaches 
Ap
pro
ac
h  
Explanation and relevant literature 
Th
eo
ret
ica
l 
An
aly
sis
 
Much research has considered and assessed the key organizational theories and underpinning 
theoretical concepts that encompass SSCM and its implementation. 
(Esfahbodi et al. 2016; Dubey, Gunasekaran, Wamba, et al. 2015; Mathiyazhagan et al. 2015; Alexander et 
al. 2014; Beske et al. 2014; Glover et al. 2014; Alexander & Walker 2013; Gladwin et al. 1995; Kumar & 
Shekhar 2013; Tseng & Chiu 2013; Zhu et al. 2013; Chien et al. 2012; Fayezi et al. 2012; Kudla & Klaas-
Wissing 2012; Lee et al. 2012; Wong et al. 2012a; Peters et al. 2011; Shipeng & Linna 2011; Halldórsson & 
Kovács 2010; Pagell & Wu 2009; Carter & Rogers 2008; Markley & Davis 2007; Kainuma & Tawara 2006; 
McWilliams & Siegel 2001; Zsidisin & Siferd 2001; Handfield 1998) 
Ca
se
 St
ud
ies
 Much research has considered the utilization of case studies as an opportunity to explore existing phenomenon within specific cases (or organizations), and mapping the results considering the 
underpinning literature.  
(Cosimato & Troisi 2015; Fahimnia, Sarkis & Eshragh 2015; Alexander & Walker 2013; Ayhan 2013; Bask et 
al. 2013; Muduli, Govindan, Barve & Geng 2013; Tseng et al. 2013; Björklund et al. 2012; Caniato et al. 2012; 
Svensson & Wagner 2012; Walker & Jones 2012; Yakovleva et al. 2012; Hazen et al. 2011; Lee 2011; 
Dangelico & Pujari 2010; Zhu et al. 2010; Wagner & Svensson 2010; Iraldo et al. 2009; Jabbour & Jabbour 
2009; Pagell & Wu 2009; Fowler & Hope 2007; Matos & Hall 2007; Quak & Dekoster 2007; Zhu et al. 2007a; 
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Cheng et al. 2006; Michelsen et al. 2006; Stephan Vachon & Klassen 2006; Seuring 2004; Zhu & Cote 2004; 
Guide et al. 2003; Voss et al. 2002; Khoo et al. 2001; Handfield 1998; Krause et al. 1998; Sharma & 
Vredenburg 1998; Walton et al. 1998; McCutcheon & Meredith 1993; Eisenhardt 1989) 
Su
rve
y 
These studies have endeavoured to evaluate the perceptions and/or understandings of concepts that 
had been identified from the literature, to evaluate their presence within the practical environment. 
(Beske et al. 2014; Muduli & Barve 2014; Genovese et al. 2014; Yang et al. 2013; Green et al. 2012; Miao et 
al. 2012; Narasimhan & Schoenherr 2012; Tachizawa et al. 2012; Walker & Jones 2012; Dwayne Whitten et 
al. 2012; Zhu et al. 2011; Hu & Hsu 2010; Mudgal & Shankar 2009; Cai et al. 2008; Carter et al. 2008; Zhu et 
al. 2008c; Zhu et al. 2007a; Zhu et al. 2007b; Spens & Kovács 2006; Zhu et al. 2005; Forza 2002; Sahin & 
Robinson 2002; Hui et al. 2001; Min & Galle 2001; Carter et al. 2000; Pannirselvam 1999; Sharma & 
Vredenburg 1998; Zhang et al. 1997) 
Mo
de
llin
g 
Some studies have strived to utilize mathematical modelling and simulation approaches in analyzing 
the applicability of SSCM and its implementation. This is as they endeavour to present explanations 
for persistent phenomenon within the practical environment. 
(Hussain et al. 2016; Mathiyazhagan et al. 2015; Österle et al. 2015; Barve & Muduli 2013; Chai et al. 2013; 
De Brucker et al. 2013; Noche & Elhasia 2013; Lorentz & Hilmola 2012; Reza et al. 2012; Sarkis 2012; Shamah 
2012; Carvalho et al. 2010; Chen & Zhao 2010; Choudhary et al. 2009; Arshinder & Deshmukh 2008; Quak & 
Dekoster 2007; Neaga & Harding 2005; Rao & Holt 2005; Sheu et al. 2005; Baumann et al. 2002; Will et al. 
2002) 
Re
vie
w 
To further develop understandings of current literary standings, reviewing the literature to date is an 
approach that is adopted by many. It sheds light on current research gaps, identifies how the area has 
been mapped out and points towards the direction for future research within a particular domain. 
(Seuring & Gold 2012; Wong et al. 2012a; Sarkis et al. 2011; Halim 2010; Seuring & Müller 2008; Srivastava 
2007a; del Brío & Junquera 2003; Lai et al. 2002) 
Pr
ob
lem
 
Fo
rm
ula
tio
n There is a belief that within the complex environment and decision making domain, any problem could be interpreted in a mathematical formula that could subsequently be utilized to identify viable solutions 
applicable in alternative scenarios, while maintaining several variables as a constant.  
(Wu et al. 2012; Guillén-Gosálbez & Grossmann 2010; Schwartz & Rivera 2009; Laínez et al. 2008; Ouhimmou 
et al. 2008; Ramudhin et al. 2008; Kocabasoglu et al. 2007; del Brío & Junquera 2003; Beamon & Chen 2001; 
Beamon 1998; Wu n.d.)  
Co
nte
nt 
An
aly
sis
 Just as the literature conveys information about the topic at hand in a particular manner, organizations tend to convey their perspectives through their reports. Content Analysis and its methods facilitate a 
further comprehension of these perspectives, within the folds of the topic at hand.  
(Beske et al. 2014; Brandenburg et al. 2014; CSR Sustainability Monitor 2012; Seuring & Gold 2012; Walker 
& Jones 2012; Vallet-Bellmunt et al. 2011; Gold et al. 2010; Schneider et al. 2010; Tate et al. 2010; Montabon 
et al. 2007; Spens & Kovács 2006; Cerin 2002; Wilmshurst & Frost 2000) 
Pe
rfo
rm
an
ce
 
Me
as
ure
me
nt A number of research revolves around the evaluation of how particular organizations measure their performance in certain dimensions. This combines case study with problem formulation approaches 
and is renowned for bridging the gap between literature and practice. 
(Faruk et al. 2001; Gunasekaran & Kobu 2007; Gunasekaran et al. 2004; del Brío & Junquera 2003; Beamon 
& Chen 2001; Gunasekaran et al. 2001; Beamon 1999; Sink & Tuttle 1990) 
 
Thus, there are several methodological research gaps within those applied to SSCM research, 
which calls for a research approach that utilizes both qualitative and quantitative approaches, 
not only depicting the situation in the organizations and bridging the gap between them and 
academia but also in mapping out the best approach and method to realize each of the research 
objectives outlines herein, which will be further discussed in chapter 3.  
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- CNA implementation 
 After refining the results accumulated from the review process, and filtering them, they are 
inserted into the graphical modelling software for CNA. Table 9 provides an overview of the 
different software for Network Analysis, where a (√ ) denotes the presence of an important 
feature. The features required for the software were identified based on understanding the 
requirements for the software as per literature and trial and error of various software packages.  
Table 9 – CNA software features comparison 
Software Large 
Network 
Friendly 
GUI 
Built in 
Analysis 
tools 
Fast 
Responsiveness 
High quality  
Multi-format 
outputs 
Gephi √ √ √ √ √ 
Graphstream  √    
Mathematica √  √  √ 
NetMiner 4 √     
Network X   √  √ 
NodeXL  √  √ √ 
PAJEK √   √  
R √     
VISONE   √   
 
As shown in Table 9, a comparative evaluation of the different software suggested Gephi®™ 
as the most appropriate tool for the analysis purpose. Gephi has a good Graphical User Interface 
(GUI), ability to handle large network sizes, responsiveness, a set of built-in analytical tools 
and high quality output formats. The next step in data analysis is displaying and presenting the 
data, which involves converting the extracted data into a comprehensive visual output using 
Gephi (Whittemore & Knafl 2005).  
- CNA Results 
The output from Gephi indicates groups of papers which represent the different perspectives 
from which SSCM has been researched, and which have been discussed throughout this chapter. 
Figure 10 and Figure 11 also indicate the influential papers as perceived by the field based on 
high number of citations (indicated as the largest dark sphere in the centre of the diagrams). As 
is visible, research in SSCM branches off into several clusters, stemming from a particular 
research paper (large white or grey nodes). This further supports and explains the reason behind 
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the limited scopes of SSCM research and further necessitates this research gap to be addressed. 
The clustering can be explained as simply research that has been hinged on the pivotal research 
(large white or grey nodes), which has a limited scope. This result, combined with the 
establishment that the influential papers and authors, previously outlined, shape the field of 
SSCM, for as can be seen, research that stems from one cluster may be connected to several 
others within the cluster, leading up to the parent (white or grey node) that subsequently 
connects to the other research clusters. However, it is noticeable that none of the research within 
one cluster is connected to other clusters or other parent nodes.  
Furthermore, the data collated is used to establish encompassing definitions for SSCM 
and the approach for SSCM implementation that would incorporate the different functional 
perspectives, established definitions and criteria from the literature. The structure underpinning 
this process requires several refinement and evaluation stages before the final results. However, 
this has facilitated the analysis and results extrapolation from literature, leading to the 
progression of the field in a manner that is not achievable with any of the previously employed 
methodologies (Colicchia & Strozzi 2012). This stems from the overview presented within 
Figure 10, which would not have been possible through other literature review methods, and 
which shows the clustering of research and their associated topics based on their referencing 
 
Figure 10 – Network map of SSCM literature with node references 
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Due to the size of the diagram, it is difficult to visually present the titles of all the papers 
involved in this analysis; the papers explored are shown in Appendix A. As such, Figure 11 
provides an overview of the diagram after cleaning and filtration of the data, with a focus on 
the key papers. This is further represented through Figure 10, wherein the labels for the nodes 
are the paper titles, but as it is still vast in size, the key nodes were selected and made clear in 
Figure 11. It is noteworthy that the significant importance of the nodes stems from the frequency 
of citations, which is correlated with the perceived importance of the paper by the researchers 
within this domain. This is once again based on the citation frequency for each of the papers, 
and as identified in Figure 10, the reality that these papers act as parent nodes for clusters of 
nodes that have cited them.  
 
 
Figure 11 – Close-up network map of literature in SSCM 
Thus, having identified the key researchers and publications within the realm of SSCM, 
alongside the identification of how GSCM and SSCM are perceived in the domain, the next 
question is what drives SSCM implementation and if there are any barriers that impede it.  
- SSCM barriers and drivers 
As identified from the literature review, the implementation of sustainability within the supply 
chain is fraught with many difficulties and driven through various channels and agents. This 
points to the reality that certain drivers and barriers exist within the organization for the 
implementation of SSCM, as shown in Table 11, and which explains the current global 
phenomenon and interest. These were outlined within the reviewed literature and extracted 
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based on the utilisation of keywords relevant to each of the two domains as per the literature 
and online thesauruses (Valitutti et al. 2005): barriers and drivers. These were subsequently 
manually extracted and collated per subjective interpretation of the literature.  
Table 10 – Synonyms of barriers and drivers 
Barriers Drivers 
Obstacle 
Obstruct* 
Hurdle 
Stumbling 
block 
Bar 
Block 
Impediment 
Hindrance 
Drawback 
Deterrent 
Complicat* 
Difficult* 
Problem 
Incentives 
Inducement 
Motiv* 
Reason 
Stimul* 
Spur 
Impetus 
Encourage* 
Impulse 
Incite* 
Goad 
Provocat* 
Pressure 
Subject* 
 
Table 11 – Barriers and drivers for SSCM implementation 
Aspect Source Description 
BARRIERS 
Corporate culture 
(Rauer & Kaufmann 2015) The culture within the organization and how it impairs the 
implementation of sustainability 
Costs 
(Walker et al. 2008; Min & 
Galle 2001) 
The costs related with the transformation of processes 
and the organization to adopt SSCM. 
Functional issues 
(Mathiyazhagan et al. 2013) Issues revolving around the functionality of implementing 
SSCM within the organizations processes 
Global Marketplace 
(Luthra et al. 2011) The pressures imposed upon the organization from 
competition within the global marketplace and the rules 
therein 
Governance 
(Muduli, Govindan, Barve, 
Kannan, et al. 2013) 
Monitoring regulations that govern the implementation of 
SSCM  
Government 
(Diabat & Govindan 2011) The government as a key stakeholder can impede SSCM 
implementation due to stringent requirements being 
placed upon the organization and bureaucratic 
procedures therein 
Industry 
(Zhu & Sarkis 2006) The norms and key players within the industry can 
impede SSCM implementation due to the authorisations 
and permissions required from governing agencies as 
well as  
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Internal integration 
(Zhu & Sarkis 2004) Integration of SSCM within the organization internally 
which can be a barrier due to the internal factors, 
elements and  
Management  
(Giunipero et al. 2012) The management team within the organization play a 
major role in facilitating/hindering SSCM implementation, 
as their approval can create a cumbersome step for 
procedures if it is not acquired.  
Media 
(Mollenkopf et al. 2010) Media is a stakeholder but also the way it presents 
SSCM, other stakeholders or even the focal organization, 
can impede SSCM implementation. 
Performance management 
(Ahi & Searcy 2015) The measurement of the organizations’ performance 
could hinder SSCM implementation as the metrics might 
not accommodate the new procedures required or take 
them into considerations. 
Reputational risk 
(Cousins et al. 2004) The organizations’ fear of a damage to their reputation 
could prevent them from adopting SSCM. 
Sector 
(Porter & Van der Linde 
1995) 
The sectoral domain that surrounds the organization can 
dictate whether and how the organization implements 
SSCM. 
Size of organizations 
(Hervani et al. 2005) The size of the organization can be an impeding factor to 
the implementation of the SSCM due to their inability 
either because they are too small or too large. 
Stakeholders 
(Qing-kui et al. 2007) The organizations’ stakeholders play an important role 
and can impede SSCM implementation due to their 
influence of the organizational decision-making process. 
Strategic issues 
(S. Vachon & Klassen 
2006) 
Issues pertaining to the strategies to adopt SSCM and 
the impact this would have on current organizational 
strategies could impede SSCM implementation. 
Suppliers 
(Walker et al. 2008) Suppliers influence the decision-making process as a 
stakeholder as well as being directly affected by the 
implementation of SSCM as it could affect their business 
viability. 
Aspect Source Description 
DRIVERS 
Corporate culture 
(Rao & Holt 2005) The culture of the organization can play an important role 
in facilitating the implementation of SSCM as the culture 
facilitates the understanding, development and 
implementation of SSCM.  
Global marketplace 
(Christmann & Taylor 2001) The global marketplace can create a competitive 
environment that could drive an organization to 
implement SSCM, to maintain global competitiveness.  
Governance 
(Mollenkopf et al. 2010) Monitoring regulations and agencies drive SSCM 
implementation through setting standards and 
requirements for businesses.  
Government 
(Linton et al. 2007) Governments as stakeholders can drive SSCM 
implementation through the imposition of regulations and 
facilitations that could deem it necessary for 
organizations to implement SSCM.  
Internal integration 
(Handfield et al. 2005) The degree of internal integration within the organization 
declares the level of SSCM implementation and adoption 
therein.  
Managers 
(Walker et al. 2008) Managers are a key player in facilitating SSCM 
implementation as they drive the corporate culture and 
communicate with stakeholders while steering 
organizational strategies. 
Media 
(Min & Gale, 2001) Media can present SSCM and the focal organization and 
the competition in a light that could necessitate SSCM 
implementation.  
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Organizational leadership 
(S. Vachon & Klassen 
2006) 
Although managers play a key role, organizational 
leadership is another key driver for SSCM 
implementation as various leaders and champions 
across the breadth of the organization can champion 
practices and be role models and agents for change. 
Performance management 
(Muduli, Govindan, Barve, 
Kannan, et al. 2013) 
Performance management plays an important role in 
facilitating SSCM implementation as it highlights problem 
areas within current processes and indicates the solution 
lies within SSCM.  
Stakeholders 
(Zhu et al. 2008b) Stakeholders facilitate and often drive the decision-
making process within an organization, as such can drive 
SSCM implementation.  
 
However, these barriers & drivers are both internal and external to the focal organization 
(Seuring & Müller 2008; Walker et al. 2008; Hervani et al. 2005; Min & Galle 2001), which is 
further represented through the following Figure 12. 
 
Figure 12 – Barriers and drivers to SSCM implementation 
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Considering the numerous barriers and drivers shown in Figure 12, another key aspect to note 
is that several elements overlap, either with their presence both internally and externally to the 
organization, or as barriers and drivers simultaneously. This is evident in aspects such as: 
stakeholders, government, performance management, and corporate culture. This also uncovers 
a key problem within the SSCM implementation research area, as this overlap indicates that 
there is no clear aspect that can be considered a barrier or a driver; whether internally or 
externally. However, all barriers and drivers aside, the KPIs utilised by organizations in 
assessing their implementation of SSCM practices play a crucial role at this stage. Although the 
drivers need to be acknowledged to comprehend how to further motivate organizations to 
overcome the identified barriers and implement SSCM, the KPIs play a more critical role in 
orchestrating and assessing this implementation. These will be further discussed in the 
following subsection. 
2.2.3. Key Performance Indicators (KPIs) 
 
The impact of environmental performance on the adoption of SSCM by companies, both 
financially and competitively, has been thoroughly analyzed. However, most of these studies 
have examined it either from a case studies approach (Geffen & Rothenberg 2000), on very 
limited geographical areas (Zhu & Sarkis 2004), few industrial branches (Zhu et al. 2007a), or 
from narrow functional silos (Hervani et al. 2005) within the organizations. Moreover, Dubey 
et al. (2015) have identified that institutional pressures, operational practices, and 
organizational managers, are seldom observed collectively. When added to the identification by 
Montabon et al. (2007), that there is a lack of proof about the connection between firm financial 
performance and its environmental performance, therefore, the question is whether companies 
present themselves in a better light compared to reality or not (Tate et al. 2010). Some research 
has demonstrated that commercial performance is positively correlated and directly 
proportional to environmental performance (Russo & Fouts 1997; Al-Tuwaijri et al. 2004; 
Montabon et al. 2007; Iraldo et al. 2009). Meanwhile, various research has looked into the 
discrepancies that exist between reported actions and reality, as well as their underlying reasons 
for this (Cerin 2002; Solomon & Lewis 2002; Kolk 2003; Jose & Lee 2007). Conversely, other 
studies support the “conventional” idea that the relationship between environmental and 
commercial performance is inversely proportional (Freedman & Jaggi 1992; Hamilton 1995; 
Klassen 2000). This belief stems from the idea that expenses for regulation would increase costs 
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and detrimentally impact performance (Montabon et al. 2007). This leads to the question of 
how organizations present their sustainability activities and KPIs, as well as whether it is purely 
in a manner that appeases stakeholders, a question that is tackled within research objective RO2 
and addressed in Chapter IV. 
Thus, in accordance with the set parameters outlined by governments and regulatory 
authorities, organizations have adopted various metrics for assessing environmental 
performance (Dangelico & Pujari 2010). Such CSR reports have been deemed a suitable, 
reliable, and credible source of information pertaining to the organization’s actions, 
performance, and CSR (Montabon et al. 2007; Sroufe et al. 2003; Cerin 2002). It is noteworthy 
that the limited volume of research that addresses the relationship between organizational 
competitiveness and environmental performance has been conducted solely from the 
perspective of organizational profitability (Fahimnia, Sarkis & Eshragh 2015). This entailed the 
identification of either weak or insignificant relationships (Hamilton, 1995; Jaggi & Freedman, 
1992) while others identified strong and significant relationships (Iraldo et al. 2009; Al-Tuwaijri 
et al. 2004) between organizations competing in environmental performance. 
According to dictionary definitions, “metrics” refers to a standard of measurement 
(Merriam-Webster 2004), while a “Key Performance Indicator” refers to a quantifiable measure 
that is utilized in evaluating organizational success in meeting outlined objectives (Reh 2016). 
In reviewing previous research, many issues, perspectives and criteria of GSCM and SSCM as 
well as environmental impacts on organizations have been researched. After reviewing the 
literature, several KPIs and measures were identified and collated in Table 12. It has been 
identified that future references refer to the subsequent references, and any overlaps were 
removed, with KPIs being primarily limited to their first initiating research. This was to 
facilitate the development of a more holistic perspective of the interrelated KPIs within the 
SSCM literature. This also further shows the different perspectives from which SSCM has been 
evaluated.  
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Table 12 – Collated KPIs from literature 
Source Key Performance Indicator Description and interpretation 
Alkhidir and Zailani (2009) Regulations The regulations and their importance which are imposed 
upon the organization 
Customer pressures The pressures customers put on the organization for 
sustainability implementation 
Supplier pressures The pressures suppliers impose on the organization for 
sustainability implementation 
Competition The competitive forces that cause organizations to 
implement SSCM 
Market demand The demand presented from the market for sustainability 
in activities and products provided 
Community pressures The pressures exerted by the community on the 
organization 
Social responsibility The overarching perception of the organization’s social 
responsibility 
Expected business benefits The perceived business benefits to SSCM 
implementation 
Employee pressures The pressures employees exert on the organization for 
sustainability implementation 
(Beamon 1999) Customer Retention Rate of customer retention and turnover 
Resource Utilization  The utilization of all resources 
(Dubey, Gunasekaran & Samar 
Ali 2015) 
Waste Management Management of the waste  
Reverse Logistics Operations based on reusing products and materials 
(Gunasekaran & Kobu 2007) Inventory costs Costs of inventory holding 
Production flexibility Flexibility of production processes 
Logistics Costs Costs related to logistics and transportation 
Capacity utilization The utilisation of the facilities’ capacity 
Compliance to regulations Organizational adherence to regulations 
Labour efficiency Efficiency of labour employment and production 
 (Gunasekaran et al. 2001) Stakeholders involvement Involvement of stakeholders within organization 
Product cost Overall costs involved in manufacturing the product 
Product quality The ability to maintain the quality of the product 
Speed of delivery The impact on the speed with which the product is 
delivered to customers 
Capacity utilization The ability to make the most of the capacity available 
within the organization 
Production Efficiency Efficiency of production rates 
Supplier Selection Costs Decisions relating to selection of suppliers 
Perceived value of product The perceived value of the product 
Planning and Product 
Design 
Designing the products and planning their production 
(Hofer et al. 2012) Environmental Quality 
management 
Managing quality with attention to environment 
Hussain et al. (2015) Governmental Regulations Regulations imposed by governmental bodies 
Management Commitment Commitment of management to causes 
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Risk Management The management for risks 
Injury prevention Preventative precautions within facilities 
Adoption of Safety Practices Safety practices implemented within organization 
Labour Equity Equality and diversity in employment 
Quality of employee life Employee life-quality balance 
(Kaplan & Norton 1996) Innovation & improvement Innovation & improvement of processes and products 
(Morali & Searcy 2013) 
Operational costs Costs of running operations 
Customer satisfaction rates Rates of customer satisfaction 
Investment costs Costs of investment in sustainability 
Return on investment Return on Investment (ROI) rates 
Greenhouse gas emission 
rates 
GHG emissions from facilities 
Employment creation rates Rate of new job creation and hiring cycles 
Training Rates Rate of employee developmental trainings 
Noise rates Noise rates causing disturbance 
 
As can be seen, the literature has identified several KPIs within SSCM. The two questions that 
arise, and which hinge on the research gaps, are: which of these KPIs are most influential within 
the organizations, and which are most important for SSCM implementation. The identification 
of the most influential KPIs within organizations will be addressed in Research Objective 2 
(RO2), while Research Objective 4 (RO4) endeavours to weight the KPIs to identify which of 
the most influential KPIs are more important. This is a promising area for further research, 
especially with the growing importance, consideration and implementation of environmental 
sustainability practices. To develop a viable approach to resolve this, there must be a devised 
and structured approach that is grounded in theoretical background. The Key Organizational 
Theories (KoTs) within the realm of this domain are discussed in the following subsection.  
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2.2.4. Key Organizational Theories (KoTs) in SSCM 
 
Most of the past research has a limited scope with a narrow perception of the topic of SSCM 
practices and fails to cover all the different interrelated factors that affect it such as stakeholders, 
costs, emissions …etc. It is evident from the abovementioned literature that although the focal 
topics of review may be different across the breadth of research papers, the systematic review 
approach, collection, analysis, evaluation and presentation, remains the integral pillar of 
conceptual foundation. This foundation establishes and defines the field’s status, by using 
current findings and outlining the research gaps, while being founded on the research paradigm, 
as well as theoretical frameworks, all of which need to be addressed. These requirements prompt 
the need for a conceptual framework, which can provide a holistic perspective for SSCM 
application. This is with the aim to describe the relationship between specific variables.  
It is imperative to outline what is meant by the word “theory”, and what constitutes a 
theory within the realm of SSCM. As per Wacker (1998) and Bacharach (1989), a theory 
responds to the generic questions of how, why, what, where and when, through defining all 
underpinning variables and constructs, often extending further into a realm of prediction. Not 
only this, but furthermore, a “good” theory is one that extends beyond its parametrical 
boundaries to assess contending and competing theories of opposing concepts. Touboulic & 
Walker (2015) assessed the theories in SSCM through a structured literature review, and 
Alexander et al. (2014) reviewed the literature pertaining to decision theory implementation in 
SSCM. Due to the numerous aspects and perspectives from which the concept of Supply Chain 
and Sustainability have been perceived, there are numerous organizational theories that have 
been utilized to explain the various aspects and elements involved therein. The following table 
which is developed based on the one presented by Alexander & Walker (2013), shows the 
summary of theories, the respective units of analysis for each theory, and identifies authors that 
have adopted the respective theory for SSCM research. Once again, the fact that several authors 
use the terms GSCM & SSCM interchangeably has necessitated the inclusion of GSCM papers 
as well in Table 13, which has taken that presented by Alexander & Walker (2013) and 
expanded upon it in the theories covered, as well as the authors who have adopted each theory 
for SSCM.  
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Table 13 – Table of theories used in SSCM 
Name of Theory Description Original Authors Units of analysis, terms, 
variables, constructs, 
Authors that have adopted this for 
SSCM 
Absorptive 
Capacity Theory 
Internal learning and innovating abilities help 
strategy 
(Cohen & Levinthal 
1990) 
Capability for organizational 
learning 
(Hervani et al. 2005; Kolk & van Tulder 
2010; Kembro et al. 2014) 
Agency Theory how information asymmetry can prompt 
unfair manipulation 
(Ross 1973) Asymmetric information, 
moral hazard, conflict of 
interest 
(Buysse & Verbeke 2003; S. Vachon & 
Klassen 2006; Burgess et al. 2006; 
Sarkis et al. 2011; Kudla & Klaas-
Wissing 2012; Fayezi et al. 2012) 
Boundaries 
Perspective 
Organizations can be assessed using 9 level 
boundaries that span the units and levels 
within and without the organization 
(Sarkis 2012) Life cycle analysis, environmental 
management systems, industrial 
ecology & industrial symbiosis, 
eco-design and design for the 
environment 
(Sarkis 2012) 
Circular 
Economy 
Decoupling of resource consumption while 
increasing utilization and value of 
components and materials through 
regeneration, restoration and multiple value 
creation. Biological components are 
discarded and technological ones are further 
developed, integrating recycling concepts. 
(Pearce & Turner 
1989)s 
Natural resource capital 
preservation, resource 
optimization, effectiveness 
enhancement 
(Garg et al. 2014; Yu et al. 2014) 
Competitive 
Advantage 
Theory 
Modifying firm competitiveness and value 
based on impact of external market forces 
(Common 1998) Five forces, value chain and cost 
analysis, competitive scope, 
differentiation 
(Stuart L Hart 1995; Lowitt 2011) 
Complexity 
Theory 
Complexity of the environment & the 
organization’s ability to adapt 
(Prigogine & 
Stengers 1985) 
Self-organization in systems of 
no equilibrium 
 
(Foss & Ellefsen 2002; Matos & Hall 
2007; Sarkis et al. 2011; Brown & 
Eisenhardt 1997; Anderson 1999) 
Contingency 
Theory 
How contextual factors are significant in firm 
performance 
(Wong et al. 2012b) Leader-member 
relationship, task-structure,  
environmental uncertainty 
(Guide et al. 2003; Wagner & Bode 
2008; Bentley et al. 2010; Liao et al. 
2011; Walker & Jones 2012; Perdana et 
al. 2012; Aragón-Correa & Sharma 
2003) 
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Diffusion of 
innovation 
Theory 
The transformation of innovation through 
channels that exist within systems over 
periods of time 
(Rogers 2003) Adoption of innovation, 
pressures, 
(Sarkis et al. 2011; Zhu et al. 2011) 
Ecological 
Modernisation 
Theory 
How environmental protection should be 
achieved through technological innovation 
(Jänicke 1984; 
Gouldson & Murphy 
1997; Huber 2000) 
Technological progress, 
modernization, environmental 
needs, environmental 
regulations, Economic growth, 
resistance, polluters 
(Delmas & Toffel 2004; Sarkis et al. 
2011; Zhu et al. 2011) 
Game Theory Assesses the gamification of logical 
decisions taken by multiple individuals that 
govern interactions between organizations 
wherein one’s gains equate to the losses of 
competitors. 
(Von Neumann & 
Morgenstern 1944) 
 (Majumder & Groenevelt 2009) 
Governance 
Theory 
How does governance affect development 
through policy, practice and theory 
(Rosenau et al. 
1992) 
Complex sets of institutions and 
actors, boundaries, tackling 
social issues, economic issues, 
dependence involved, collective 
action, autonomy, capacity of 
implementation 
(Chibba 2009; Sarkis et al. 2011; Zhu et 
al. 2005; Cooper et al. 1997) 
 
Grounded 
Theory 
Assesses social frameworks and processes 
within which theoretical frameworks are 
applied within the organization 
(Länsisalmi et al. 
2004; Glaser & 
Strauss 1967) 
Conceptual categories, 
conceptual properties, relevant 
behavior, theoretical sampling, 
Fundamental Recipe, Guiding 
assumptions 
(Rauer & Kaufmann 2015; Chien et al. 
2012; Mollenkopf et al. 2010; 
Länsisalmi et al. 2004) 
Information 
Theory 
How communication is affected by the 
complexity of information 
(Shannon & 
Weaver 1949) 
Coding, signal-to-noise ratio, 
channel capacity, algorithmic 
complexity 
(Cabezas et al. 2005; Delmas & 
Montiel 2009; Sarkis et al. 2011) 
Institutional 
Theory 
assesses the organizational adaptation to 
institutional pressures that may stem from 
within the organization or competing 
organizations within the market or industry 
(Hirsch 1975; 
DiMaggio & Powell 
1983) 
External pressures make 
organisations adapt through 
Coercive, mimetic & normative 
pressures.  
(Delmas & Toffel 2004; Scott 2004; 
Fowler & Hope 2007; Sarkis et al. 
2011; Carbone et al. 2012; Tate et al. 
2010; Kauppi 2013; Zhu et al. 2013; 
Lee 2011; Dubey, Gunasekaran & 
Samar Ali 2015; Brown 2006; Hoffman 
1999; Glover et al. 2014) 
Institutional 
Entrepreneurship 
Theory 
How do organizations foster innovation to 
gain competitive advantage, and how 
individuals may or may not change 
organizations 
(Battilana et al. 
2009) 
Paradox of embedded  
agency 
(Peters et al. 2011) 
47 
 
Natural 
Resource Based 
View 
How strategic advantage is restrained by 
dependence on the natural 
(Hart 1995) end of pipe approach, pollution 
prevention, product stewardship 
and sustainable development 
(Markley & Davis 2007; Barney 1991; 
Guang Shi et al. 2012) 
Name of Theory Description Original Authors Units of analysis, terms, 
variables, constructs, 
Authors that have adopted this for 
SSCM 
Path 
Dependency 
Theory 
Return increases as a result of the decisions 
and choices historically made by decision 
makers due to larger benefits to activity 
reinforcement 
(Nelson & Winter 
1982; Dopfer 1991; 
Liebowitz & 
Margolis 1995) 
comparative-historical analyses 
of the development and 
persistence of institutions, 
switching gains, transition 
practicality 
(Chou et al. 2010; Sarkis et al. 2011; 
Gulati & Gargiulo 1999) 
Relational View  Explains the organizational performances 
based on the assessment of the 
organizational network  
(Dyer & Singh 
1998) 
Organizational Dyads and 
networks 
(Vural 2015; Beske 2012; Ashby et al. 
2012; Gold et al. 2009) 
Resource Based 
View 
How core competencies of a firm are key to 
strategic success 
(Penrose 1959; 
Rubin 1973; 
Wenwei & Jianguo 
2009; Barney 
1991) 
Value, inimitability, 
substitutability, heterogeneity, 
tangible and intangible 
resources, competitive 
advantage 
(Carter & Rogers 2008; Gold et al. 
2009; Narasimhan & Schoenherr 2012; 
Sarkis et al. 2011) 
Resource 
Dependence 
Theory 
How inter-organizational power is influenced 
by access to resources 
(Loasby 1979) Dependency of the position of 
buyer or supplier shapes their 
power in relation to competitive 
advantage Theory. 
(Carter & Rogers 2008; Sarkis et al. 
2011) 
Schumpeterian 
Economics 
a ripple effect is instigated through a firm’s 
competitive activity which results in a 
response from competition, which leads to 
cycles that destroy competitive advantage 
(Schumpeter & 
Backhaus 1934) 
Innovation and innovators, 
cyclical flow and economic 
development 
(Hofer et al. 2012) 
Service-
dominant Logic / 
Service systems 
How economic value can be understood as 
based on utility provided rather than physical 
properties 
(Vargo & Lusch 
2004; Vargo & 
Lusch 2010; Vargo 
& Lusch 2011) 
Service systems, co-creation Of 
value, exchange of utility 
(Randall et al. 2010; LUSCH 2011; 
Dobrzykowski et al. 2012) 
 
Signaling Theory Organizations communicate information on 
firm value to the market and stakeholders, 
instigating a competitive response and 
reaction which allows them to share or 
assimilate information from competitors.  
(Spence 1973; 
Ross 1977; Spence 
2002) 
Signals, firm value creation, 
competition, organizational 
development 
(Clark & Montgomery 1998; Connelly 
et al. 2011)  
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Social 
Embeddedness 
Theory 
Roots of firms lie within social relationship 
networks 
(Granovetter 1985) Social ties, relationship strengths, 
resources, dimensions, ties and 
links.  
(Sarkis et al. 2011; Uzzi 1997) 
Social Network 
Theory 
Mathematical modelling of discrete social 
entities and their interconnections 
(Lin 1999) Social network analysis, 
dissemination, contagion, 
increased value as number of 
nodes increases, density, 
centrality 
(Vurro et al. 2009; Bernardes 2010; 
Sarkis et al. 2011) 
Stakeholder 
theory 
How strategy can benefit from 
acknowledging the needs and power of 
other parties 
(Freeman & McVea 
2001) 
Stakeholder mapping, 
stakeholder engagement, 
stakeholder management 
(Meixell & Luoma 2015; Reuter et al. 
2012; Gold 2011; Sarkis et al. 2011; 
Agle et al. 2008; Delmas & Toffel 
2004; Buysse & Verbeke 2003) 
Supply Chain 
Theory 
The supply chain is a relative, complex and 
adaptive systemized network, that is 
bounded by a fuzzy horizon, with a physical 
and support chains existing in parallel. 
(Carter et al. 2015; 
Halldorsson et al. 
2007) 
Agent, specific upstream and 
downstream inputs and outputs. 
Physical and support nodes.  
(Sarkis 2012; Ji & Tang 2010; Guojun 
Ji & Weiwang Huang 2010; Guojun Ji 
2010; Naslund & Williamson 2010; 
Randall et al. 2010; Ji & He 2009; 
Stuart et al. 2002; Croom et al. 2000) 
Structuration 
Theory 
How actors/agent and their structures are 
inter-dependent 
(Giddens 1984) Social norms, capability 
constraints, conduct analysis, 
relationships, opportunities 
(Pullman & Dillard 2010; Sarkis et al. 
2011) 
Systems Theory Taking a holistic view, illustrating 
interconnections and interdependencies 
through process mapping, reveals functional 
activity 
(Von Bertalanffy 
1972; Checkland 
1983; Frost 2011; 
Checkland 2013) 
 
Emergent phenomenon, dynamic 
equilibrium 
(Fiksel 2003; Melville 2010) 
Transaction Cost 
Economics 
Explains how costs influence Strategic 
decisions. 
(Williamson 1973) Make or buy decisions, 
vertical integration, 
bounded rationality 
(Carter & Liane Easton 2011; Midttun 
et al. 2007; Zhu et al. 2012a; Carter & 
Rogers 2008) 
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Furthermore, an analysis of research publications in the field has identified that 
most researchers do not think that the field requires “original theories” and that there is a 
very strong use of a “positivist research paradigm” in order to retain the integrity, 
reliability and validity of studies (Easterby-Smith et al. 2002, p.86). These issues have 
consequently created a number of knowledge gaps in the awareness of the field (Burgess 
et al. 2006) which could be due to “unfamiliarity with theory building” (Meredith et al. 
2011; Meredith 1998) in applying such methods by operations management scholars. A 
theory is broadly defined as “a system of constructs and variables in which constructs are 
related to each other by propositions and the variables are related to each other by 
hypotheses” (Bacharach 1989). It is important to underline that explanations establish the 
foundations for meanings while predictions test the founded meaning, If anything, this 
highlights that a qualitative researcher will only barely just scratch the surface of the field 
under study due to the “various kinds of empirical information generated by such a study 
which is similar to an anthropological approach with a limited extension into sociology 
(Van Maanen 1998). This is especially evident in the gap that exists between first order 
conception and the researcher’s second order conception of what is going on in the setting. 
This is mainly attributed to the researcher’s personal experiences and affiliations which 
are projected onto the data being accumulated, impacting its integrity and findings.  
However, overall, operations management is a dynamic field which has a 
continuous emergence of new practices, concepts and theories (Voss et al. 2002). The 
concept of SCM was introduced by Oliver & Webber (2012); later on, Mentzer et al. 
(2004) strived to outline a unified theory of logistics, and Craig et al. (2015) endeavoured 
to identify the premises and boundaries of supply chain through theorization. Furthermore, 
Halldorsson et al. (2015;2007) have delved into the analysis of theories that complement 
SCM. On the other hand, Sarkis et al. (2011) have assessed organizational theories in 
implementation of GSCM, complemented by Ahi & Searcy (2013) who strived to 
establish an overarching definition of sustainability in the supply chains. This is further 
supported by Touboulic & Walker (2015) who conducted a literature review of theories 
used in the context of SSCM. 
Indeed, the real challenge for organizations arises when the impacts of their 
environmental actions are not clear or when such actions accrue benefits in the short term 
while imposing significant costs in the long term (Wu & Pagell 2011). This is because 
when organizations are inhibited by incomplete facts, a bounded rationalization 
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experience ensues (Feyerabend 1993) regarding the environmental concerns. This 
inevitably affects the outcome of SSCM practices implementation (Tseng & Chiu 2013; 
Srivastava 2007b; Zhu et al. 2008b; Zhu & Geng 2001), especially with the limited 
understanding of SSCM practices and their implementation. In order to address these 
issues and “reorganizing our causal maps,” (Whetten 1989, p.493), a good theory is 
required.  
There exist numerous theorization standards, of which the inductive/deductive 
dilemma is one of the most pertinent (Shepherd & Sutcliffe 2011). This research is one 
that traditionally utilizes the deductive approach as it commences by observing the 
literature, identifying the presumptions and stating the obvious, followed by conducting 
investigations to highlight the interrelating factors and their overall impact (Shepherd & 
Sutcliffe 2011). However, based upon research in the field, this research shall incorporate 
a novel approach which combines deductive reasoning with a bottom-up approach as was 
highlighted by Eisenhardt (1989), Siggelkow (2001), and Yin (2004). Furthermore, this 
chapter aims to use novel approaches in data research. This is to maximize the way in 
which companies can identify which approach best benefits them for use within their 
supply chains. Thus, aiming to alleviate any time wasted or limited resources to facilitate 
the streamlining of the organizational supply chain, strategies and practices. This is 
through the utilization of the relevant applicable theories rather than a bulk approach.  
This approach would commence with the establishment of the research question, 
its development, the choice of organization and its type, followed by the identification of 
the data that would form the case study (Voss et al. 2002). This is supported with a priori 
establishment of the relevant constructs, which facilitates the progression of the research 
field through the propagation of novel theories that could aid the organizations in tackling 
their current issues that are of importance and resolving them. This is opposed to the 
bottom-up induction that involves going in the opposite direction: “from particulars to 
generals” (Samuels 2000, p.214) and starts with data which the theorist comes across and 
begins to ask certain questions (Shepherd & Sutcliffe 2011). The theories highlighted 
previously will be brought together to facilitate the implementation of this research. 
However whether this will be theory application or building (Wacker 1998) shall be 
established in a subsequent section.  
- Complexity Theory 
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Complexity theory acknowledges the complexity of the environment and markets 
operating within them, and the organizations’ ability to adapt (Prigogine & Stengers 
1985), which can make it difficult for organizations to implement SSCM practices due to 
continually changing environments. This difficulty in implementing SSCM is further 
hampered by visibility issues firms experience within their supply chain when operating 
within a range of independent firms. This results in the complexity of the supply chain 
and the market as key issues in SSCM demand attention (Sarkis, et al. 2011) to assist in 
gaining understanding of the situation. Simply put, the basis upon which organizational 
managers generate and utilize their information in order to make decisions on 
environmental practices plays a major influential role (Wu & Pagell 2011; Matos & Hall 
2007; Handfield et al. 2005; Delmas & Toffel 2004). 
- Contingency Resource Based Theory 
Contingency resource based theory identifies how firm performance is affected 
significantly through contextual factors (Wong et al. 2012b). Hinged on relationships 
between leaders and members, the structuration of tasks and the uncertainty that bounds 
rationality further establishes that industry uncertainty, complexity and munificence are 
three key task environment factors which may affect the implementation of proactive 
environmental strategies (Walker & Jones 2012; Aragón-Correa & Sharma 2003; Guide 
et al. 2003). 
- Ecological Modernization Theory 
With the increasing need for attention to impact the environment, there is a 
parallel need for protecting it simultaneously to paying attention to it (Zhu et al. 2011). 
This theory, established in the 1980s by the Berlin Science Center (Jänicke 2008; Huber 
2000; Jänicke 1984), describes how environmental protection could and should be 
established, as well as outlining the processes and progress of technological innovation 
in order to accomplish it (Gouldson & Murphy 1997; Jänicke 2008). Despite several 
literatures identifying the costs related with organizational environmentalism (Zhu & 
Sarkis 2004), ecological modernization advocates that the overall economy would prosper 
from incorporating environmental ideologies and principles, alongside continued 
modernization within organizations (York & Rosa 2003). Table 15 outlines the risks that 
need to be mitigated in implementing the Ecological Modernization Theory within an 
organization, and particularly when implementing SSCM. 
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Table 14 – Pressure of business risks for polluters  
Source: (Jänicke 2008) 
Economic risk Political and regulatory risk Societal risk 
 Volatile energy prices  
 Volatile prices of certain raw materials  
 ‘‘Green’’ demand from retailers ‘ 
 ‘Green’’ demand within the supply 
chain  
 Competing new technologies 
(pressure for substitution)  
 Insurances  
 Benchmarking systems  
 EMS certification of competitors 
(EMAS, ISO 14.001).  
 Activities of pioneer countries  
 Stricter regulation of 
important markets (e.g. EU)  
 New regulatory trends  
 International environmental 
regimes  
 Public procurement.  
 Attacks from green NGOs 
(e.g. Brent Spar)  
 Media campaigns against 
polluters  
 Alarming media reports (e. g. 
natural disasters)  
 Internet campaigns against 
polluters  
 Alarming scientific studies  
 ‘‘Green’’ consumerism of the 
growing global middle class.  
 
- Governance Theory  
Complex institutions and sets of actors tackling social, economic, and boundary 
issues in an autonomous fashion require regulation and management, lying within the 
realm of governance theory (Chibba 2009; Sarkis et al. 2011; Zhu et al. 2005; Cooper et 
al. 1997). Governance theory prevails to assess the impact of governance and regulatory 
effects on organizational development through policy, practice and theory (Rosenau et al. 
1992). It facilitates the development and structuration of change implementation, with 
reference to propositions that outline governance to be an autonomous self-regulating 
network that stems beyond governments and governmental agents, interacting across 
blurred responsibilities’ boundaries for handling social and environmental issues (Stoker 
1998). This plays an important role in understanding the driving factors and barriers for 
SSCM implementation, as the regulations and governance issues set the parameters for 
how well an organization implements SSCM or whether it does so at all.  
 
- Institutional Theory  
Institutional theory assesses the organizational responses to institutional pressures 
that may stem from within the organization or competing organizations within the market 
or industry (Meyer & Rowan 1977). Institutional Theory has been applied to the study of 
many organizational attributes (Kostova et al. 2008), the most recent of which is 
environmental management (Hoffman, 1999; Brown et al. 2006; Fowler & Hope, 2007; 
Tate et al 2010), as it highlights that there exists a degree of variation in terms of 
organizational pro-activeness, choices, and degree of agency, coupled with the 
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organization’s self-interest (Kostova et al. 2008; Jamali 2010). It is a theory that assesses 
the organizations’ adaptation to change through internal routines and structures (Glover 
et al. 2014; Kauppi 2013; DiMaggio & Powell 1983; Delmas & Toffel 2004), which are 
impacted by the “regulative, normative and cognitive aspects of the institutional 
environment”(Jamali 2010, p.621). This is accompanied by authoritative guidelines 
stemming from legitimacy and provocation (Kostova et al. 2008) with a specific focus on 
how these elements come into existence, are transmitted and communicated within the 
organization, and how they are developed over time (Scott, 2004). The institutional 
process occurs through coercive, mimetic, and normative mechanisms, with structural 
isomorphism being the consequence (DiMaggio & Powell 1983; Delmas & Toffel 2004). 
As can be seen in Table 16, depending on the institutional factors, the research question 
varies, and subsequently the predictive dimensions, with factors including cause, 
constituents, content, control and context, all of which are strategic perspectives from 
within the organization, leading to research questions that facilitate the realization of 
predictive dimensions for the future of the organization.  
Table 15 – Antecedents of strategic responses. Source: (Oliver 1991) 
Institutional Factor Research Question Predictive Dimensions 
Cause 
(underlying reasons behind exerted 
pressures on organization) 
Why is the organization being 
pressured to conform to 
institutional rules or 
expectations? 
Legitimacy or social fitness 
Efficiency or economic fitness 
Constituents 
(individuals and stakeholders who set 
organizational expectations) 
Who is exerting institutional 
pressures on the organization? 
Multiplicity of constituent demands 
Dependence on institutional constituents 
Content 
(types and elements of the pressures 
exerted upon the organization) 
To what norms or requirements 
is the organization being 
pressured to conform? 
Consistency with organizational goals 
Discretionary constraints imposed on the 
organization 
Control 
(methods of pressure implementation – 
legally or voluntarily) 
How or by what means are the 
institutional pressures being 
exerted? 
Legal coercion or enforcement 
Voluntary diffusion of norms 
Context 
(the nature of the environment within 
which the pressures are exerted)  
What is the environmental 
context within which institutional 
pressures are being exerted? 
Environmental Uncertainty 
Environmental Interconnectedness 
 
Thus, institutional theory provides another theoretical lens to account for the 
differences in SSCM practices across industries. Neo-institutional theory (DiMaggio & 
Powell 1983; Kostova et al. 2008; Delmas & Toffel 2008; Scott 1995) argues that the 
diffusion of administrative innovations – like SSCM practices – in a certain industry, is 
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an institutional process subject to competitive and institutional effects. As for the 
application of Institutional Theory within this research, it has been highlighted as a theory 
that accounts for similarities and stability within organizations that operate within an 
industry, allowing for the identification of conformity patterns (Jamali 2010; Hoffman 
1999; Greenwood & Hinings 1996). 
 
- Natural Resource Based View (NRBV) 
As per Halldorsson et al. (2007), little research has applied the RBV to the aim of 
identifying competitive advantage sources. Competitive advantage, as was outlined by 
Prahalad & Hamel (1990), stems from a firm’s resources according to the Resource Based 
View (Fowler & Hope 2007), which are rare, valuable, inimitable and non-substitutable 
(Barney 1991). Moving on with the SSCM discussions and practices, there were four 
alternative perspectives highlighted by Hart (1995) that could aid environmental 
enhancement: end of pipe approach, pollution prevention, product stewardship and 
sustainable development (Fowler & Hope 2007; Buysse & Verbeke 2003; Hart & Ahuja 
1996; Hart 1995), all of which aim to develop environmental sustainability while 
stemming from within the organization (Hart & Dowell 2011). The NRBV of the firm 
was seldom used within the SCM realm of research (Halldórsson et al. 2015), and was 
established by Hart (1995) and extended on the Resource Based View, which was based 
on the early conversations by Penrose (1959), who identified the significance of 
contribution by resources to an organization’s competitiveness (Newbert 2007). 
Consequently, in selecting this theory, an acknowledgement of the importance of valuable 
and rare resources (Barney 1991) is necessary in order for a firm to develop a sustainable 
competitive advantage. This indicates that the NRBV can be extended into the supply 
chain in order to facilitate the incorporation of “green” and sustainable concepts and 
philosophies (Gold et al. 2009) necessary for creating green resource. 
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Table 16 – Natural resource based view (NRBV) conceptual framework  
Source adapted from: (Hart 1995; Fowler & Hope 2007; Hart & Dowell 2011) 
Strategic Capability Societal Driving Force Key Resource Competitive 
Advantage 
State of Research Development 
Pollution Prevention 
Process innovation 
(e.g. end of pipe 
approach) to reduce 
emissions & wastes.  
Minimize emissions, 
effluents, & waste 
Continuous 
improvement 
Lower costs Strong empirical evidence in favour 
of NRBV 
How do resources combine to affect environmental performance? 
What is the genesis of key resources that drive the link between environmental and  
Financial performance? 
Product Stewardship 
Assess & strive to 
reduce product 
impact on 
environment 
throughout its 
lifecycle 
Lower product life cycle 
cost 
Stakeholder 
integration 
Reputation/ 
legitimacy, 
preempt 
competitors 
Growing area of research but much 
to be accomplished 
How do firms develop resources and capabilities in stakeholder integration that allow for improved 
product stewardship? 
What factors enable and constrain product stewardship strategies in complex global supply chains? 
Clean Technology Make quantum-leap 
improvement 
Disruptive 
change 
Future position Little research to date 
Which firms are best positioned to develop the dynamic capabilities needed to bring clean technologies 
to market? What firm resources and capabilities are likely to be associated with clean technology 
commercialization? Can clean technology capabilities lead to sustained competitive advantage? 
Sustainable 
Development 
Inclusion of 
stakeholder 
perspectives & 
social impact of 
organization in 
technological 
developments 
Minimize Environmental 
burden of firm growth and 
development 
Shared Vision Future Position  
Base of the Pyramid 
(BoP) 
Meet unmet needs of the 
poor 
Embedded 
innovation 
Long-term 
growth 
Growing body of practitioner-
oriented research, but academic 
attention needed 
What are the capabilities needed to enable firms to succeed with BoP strategies? How is legitimacy 
gained and maintained among firms in the BoP? Do our existing theories adequately address how firms 
can succeed in the BoP, or do we need to augment or even replace these theories? 
 
As can be seen in  
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Table 16, the NRBV stems from a strategic capability, the choice of which leads to a 
societal driving force which is hinged on key resources to develop a competitive 
advantage while outlining the current state of research development. Thus depending on 
the strategic capability of the organization, the driving forces, resources and competitive 
advantages acquired can be outlined, and the strategic direction for the organization 
established. The steps for this are further presented in Figure 13, as well as the 
interconnectedness factors of costs, competitors and organizational future position.  
 
Figure 13 – Sustained competitive advantage through NRBV.  
Source: (Hart 1995) 
- Resource Dependence Theory 
Spinning off from the competitive advantage theory with concepts ingrained in 
Resource Based View, is the Resource Dependence Theory. Identified by Pfeffer & 
Salancik (1978), this theory identifies how powers between organizations within the 
marketplace are affected by the accessibility available to resources for each organization 
(Alexander & Walker 2013). This stems from the supply chain and its sustainability as 
the position of suppliers and their accessibility to resources contributes to the 
organizational power (Carter & Rogers 2008) in relation to competitive advantage theory.  
- Schumpeterian Economics 
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Schumpeterian economics is often confused with Classical Economic Theory. 
However, that being said, the latter established the premise that rational actions are the 
norm with options being prioritized based on benefits (Alexander et al. 2014). On the 
other hand, Schumpeterian Economics hinges on the premise that a ripple effect is 
instigated through a firm’s competitive activity (Schumpeter & Backhaus 1934). This 
results in a response from competition, which in turn leads to cycles that destroy 
competitive advantage (Hofer et al. 2012). This facilitates a broader comprehension of 
the actions and their reactions that underpin competition within the global marketplace, 
which establishes its precedence as an “important theoretical lens” (Young et al. 1996 in 
Patton & McMahon 2014). However, the Schumpeterian perspective prefers larger firms 
as it perceives them to be better instigators of a more diverse array of competitiveness. 
This theory provides an important perspective that has been utilised in the study of 
innovation, sustainability, change, and environmental permitting (Hofer et al. 2012). 
Hence it is significant in this research, as it can complement institutional theory and 
signalling theory in describing barriers and drivers for organizational implementation of 
SSCM practices and adoption of KPIs. 
- Signaling Theory 
Signalling Theory originated in the field of evolutionary biology (Grafen 1990), 
assessing the theories underpinning the communications between individuals (Weiss 
1995; Bliege Bird & Smith 2005). However it has been tailored to suit various different 
fields of research, including economics and organizational performance (Connelly et al. 
2011). Signals communicate important information to the market and stakeholders that 
signifies the value a firm is creating and its competitive advantage (Spence 2002; Ross 
1977; Spence 1973). Porter (1980) explains a signal as any action by a competitor that 
provides a direct or indirect indication of its intentions, motives, goals or internal situation 
(p.75). However, as with biology, the problem persists when individuals with conflicting 
interests need to communicate honestly (Christy 1997), especially within the marketplace 
that is governed by many rules and regulations. This communication instigates 
competitive actions and reactions within the marketplace pivoting around firm value 
creation, competitiveness, organizational development and the signals being disseminated 
(Connelly et al. 2011; Clark & Montgomery 1998). Thus, organizations receive and send 
signals about their sustainability as well as their environmentally responsible abilities and 
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alongside the signals (and pressures) received from stakeholders (see stakeholder theory) 
for SSCM implementation and environmental sustainability. 
- Stakeholder Theory 
Stakeholder theory establishes the importance of stakeholders as an integral factor 
that implicates the managerial decision making process (Agle et al. 2008; Donaldson & 
Preston 1998). It is a theory that highlights the ability of organizations to respond to their 
stakeholder demands sufficiently and effectively. From this perspective, Stakeholder 
Theory has come to play a major role in the implementation of sustainability practices 
(Delmas & Toffel, 2004). This is through establishing performance expectations, 
assessing decisions and behavioural outcomes and their implications upon the 
stakeholders’ interests, and finally acting upon resulting outcomes from assessment 
activities (Fowler & Hope 2007). All of these directly affect organizational performance 
and accountability, especially affecting the implementation of sustainability concepts 
through the establishment of factors outside the organization which may tend to create 
pressures on the organization (Sarkis et al. 2011), especially as the location of the 
stakeholders within the various stages of the supply chain affects the impact they have 
(Zhu et al. 2008b; Zhu & Sarkis 2004). 
 
Figure 14 – Dynamic capability underlying sustainable innovation.  
Source: (Ayuso et al. 2006) 
As can be seen in Figure 14, the dialogue and conversation with the stakeholders, 
which stems from a transparent two-way communication, leads to knowledge integration 
of stakeholders, which is flexibly open to change in a non-hierarchical structure. All of 
this leads to sustainable innovation such as new products, processes, services or strategies. 
Stakeholder Dialogue Stakeholder Knowledge Integration 
SUSTAINABLE 
INNOVATION: 
New Products,  
Services, Processes  
or Strategies 
- Two-way communication 
- Transparency 
- Appropriate feedback 
- Non-hierarchical structures 
- Flexibility 
- Openness to change 
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Furthermore, as Srivastava (2007) has outlined, many organizations respond to “public, 
regulatory & market forces” (p.71), which indicates the important role of the stakeholders 
and the pressures exerted upon the organization. The influence of the stakeholders cannot 
be neglected alongside the institutional theoretical perspective, as differently, the 
organization will either fail to adhere to the pressures of the stakeholders, or will simply 
deviate from its predefined path (Sarkis et al. 2011; Delmas & Toffel 2004). 
 
The existence of numerous KoTs which are applicable to the SSCM domain, 
alongside the various perspectives from which the field has been reviewed, raises the 
question of whether there is a means that could combine and present them collectively 
within SSCM, a question that RO3 (Research Objective 3) aims to address. As can be 
seen, each KoT assesses the organization from a different perspective and as such would 
have a particular scope of impact within SSCM. It is also imperative to point out that a 
great discrepancy exists between academia and practice in the appraisal of the application 
of theories identified by academics in the organizational context (Halldórsson et al. 2015). 
 
2.2.5. The Tree Perspective 
 
Upon the review of the literature outlining the theories that have been utilized within 
the realms of sustainability, it has become apparent that these theories intertwine and 
interconnect, despite the existing differences between them and their theoretical lenses. 
Thus, in an endeavour to showcase how these theories are interconnected, and the existing 
relationships between them, a conceptual framework is discussed in this section. This 
framework does not only attempt to model the interdependencies between KoTs, but 
further extends to incorporate the interrelationships with the KPIs for SSCM. This 
framework does not only aim to model the interdependencies between KoTs, but further 
extends to incorporate the interrelationships with the KPIs for SSCM.  
The various perspectives and theoretical lenses from which SSCM has been evaluated 
has necessitated a holistic perspective that can showcase the overall interactions across 
the theories and concepts. In order to accomplish this, there is a need for understanding 
concepts that lay therein. As such, Grounded Theory and Ecological principles play an 
important role. This is because ecological principles describe how the raw materials and 
minerals stem from the earth, get absorbed through the roots and ascend the plants. It 
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explains concepts such as photosynthesis and osmosis, all of which are applicable to the 
business world and especially to organizational theories. Meanwhile, Grounded Theory 
is the creation of theory from systematic investigation via an inductive methodological 
approach, hinged on theorization through data analysis and observation of the interaction 
between variables as they generate outcomes. Thus, building upon grounded theory and 
ecological principles, and utilizing the KoTs identified in chapter 2, the following figure 
has been devised to represent these relationships as an explanatory model through a 
constructivist inductive top-down approach. 
As was outlined by Schmenner et al. (2009), research should strive to build on existing 
theory, moving beyond those that are deficient and using the facts to develop and structure 
a better and novel theory, especially since “trying to understand a novel phenomenon 
using existing paradigms is akin to trying to play a new game with the old rules” 
(Schmenner et al. 2009, p.341). The diagram depicts a tree, as a symbol of sustainability 
and greenness, while we endeavour to attend to the environment. The roots stem from 
natural resources which are provided to the suppliers, who in turn provide to the different 
supply chain levels within the organization, reaching the focal firm (manufacturer) in the 
middle of the tree. Within the focal firm (manufacturer), there lies the institutional theory 
that dictates how the organization operates within the various levels outlined within the 
boundaries perspective of the organization, as well as interactions with other 
organizations which overlap with signaling theory. 
Following the process and supply chain all the way to the top where the leaves and 
fruit exist, representing the products, with emissions occurring throughout, a process that 
is devised from principles of ecology. The theories however are shown at their respective 
levels within the plant process. NRBV, Resource Dependence Theory and Ecological 
Modernization all revolve around the environment, and especially that which surrounds 
the raw materials and suppliers for sourcing of resources. 
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Figure 15 – Tree perspective of sustainability 
 
  The stakeholders are represented as an individual standing by the tree, tending to 
the tree, both providing inputs and receiving the outputs from it. The flowers at the top of 
the tree represent signaling theory as the plants signal to bees that they are ready for 
pollination like the application of signaling theory within the organizational context. The 
thunder and lightning represent the complexity theory as it affects the stakeholders, 
organization, and environment. Adopting this interpretation facilitates a further and 
deeper understanding of the theoretical concepts underpinning each aspect of 
sustainability and its implementation within organizations. 
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As can be seen in Figure 15, the roots stem from the ecosystem of businesses, which 
aims to facilitate innovation, development and survival. This closely resembles the natural 
ecosystems which aim to survive within the harsh environment. The identified theories 
are brought together, to facilitate the representation of their interconnectedness and 
relationships, as well as mapping them along with the production process and key players 
within the supply chain. Adopting this interpretation facilitates a further and deeper 
understanding of the theoretical concepts underpinning each aspect of sustainability and 
its implementation within organizations. 
Taking a holistic view, this model hinges on systems theory and aims to illustrate the 
interconnections and interdependencies, across the breadth of both the supply chain and 
organizational theories (Checkland 2013; Frost 2011; Checkland 1983; Von Bertalanffy 
1972). The organizational supply chain is represented within the wooden stem of the tree, 
reaching upwards from the suppliers in the roots who acquire the raw materials (as can 
be seen) from the soil while being governed by the Resource Based View (Penrose 1959; 
Rubin 1973; Wenwei & Jianguo 2009; Barney 1991), which shows how core 
competencies of a firm are key to strategic success. This is complemented by the Natural 
Resource Based View (Hart 1995) showing how strategic advantage is restrained through 
dependence on the natural environment. This is as well as the Resource Dependence 
Theory (Loasby 1979) which showcases how inter-organizational power is influenced by 
access to resources. Moving up the diagram, the roots reach into the tree stem and ascend 
the supply chain network (Carter et al. 2015) reaching the focal firm in the centre. The 
Institutional Theory (Hirsch 1975; DiMaggio & Powell 1983) and Institutional 
Entrepreneurship Theory (Battilana et al. 2009), along with the Boundaries Perspective 
(Sarkis 2012) represent the focal organization and highlight how it responds to pressures 
from within and without, how it can foster innovation to gain competitive advantage, and 
the different tiers and layers within the organization, respectively. The soil is bordered 
with the Ecological Modernization Theory (Jänicke 1984; Gouldson & Murphy 1997; 
Huber 2000) that dictates that environmental protection should be achieved through 
technological innovation. 
The fence surrounding the tree stem is designed to represent the Governance Theory 
(Rosenau et al. 1992), showcasing how governance affects the development through 
policy, practice and theory, and incorporates the “Tree” and the land it stands on, thus 
encompassing the diagram in its entirety. This is as well as encompassing the stakeholders 
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(government, customers, shareholders, employees, consumers, communities, 
partners…etc.) within Stakeholder Theory (Freeman & McVea 2001), showing how 
strategy can benefit from acknowledging the needs and power of other parties, and 
represented as the individual standing by the tree. The “stakeholders” are tending to the 
plant and fence while watering it with Game Theory (Von Neumann & Morgenstern 
1944), Grounded Theory (Länsisalmi et al. 2004; Glaser & Strauss 1967), and Social 
Embeddedness Theory (Granovetter 1985). Game Theory assesses the processes and 
outcomes of logical decisions taken by the stakeholders governing interactions between 
organizations wherein their gains equate to the losses of competitors. Meanwhile 
Grounded Theory assesses the social frameworks and processes within which the 
theoretical frameworks are applied within the organization, and Social Embeddedness 
Theory which outlines that the roots of firms lie within social relationship networks. 
Moving upwards within the diagram, the fruits of the tree are represented as the 
products and services provided as an output from the supply chain, while also showing 
the Schumpeterian Economics concept (Schumpeter & Backhaus 1934), a concept which 
propagates that organizational competitive activity instigates a ripple effect leading to 
destructive cycles through competitive responses. This ties in with the blossoming 
flowers of the tree which represent the Signaling (Spence 1973; Ross 1977; Spence 2002) 
and the Competitive Advantage (Common 1998) theories. The first posits that 
organizations communicate information on firm value to the market and stakeholders, 
instigating a competitive response and reaction which allows them to share or assimilate 
information from competitors; the latter showcases how firm competitiveness and values 
are modified based on interactions with external market forces. As per ecology, the sun’s 
rays interact with the green leaves through photosynthesis. In this model, this is through 
Diffusion of Innovation Theory (Rogers 2003); which outlines the transformation of 
innovation through channels that exist within systems over periods of time, and 
Absorptive Capacity Theory (Cohen & Levinthal 1990); which outlines the Internal 
learning and innovating abilities and strategization across the organization and its supply 
chain. At the far top of the model exists the emissions being emitted by the tree into the 
environment depicting the emissions from the organization and its supply chain. Although 
this exists at the summit of the diagram, information and learning are not limited to a 
certain aspect of the organization or the supply chain, as it is imperative for organizations 
across the span of the supply chain to share and communicate knowledge, learning and 
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innovation. Finally, in the distance behind the tree is a cloud with lightning which 
represents Complexity Theory (Prigogine & Stengers 1985) and outlines the harsh 
environment surrounding the supply chain and the organizations’ abilities to adapt and 
cope. 
Having brought together many theories in an unprecedented manner, while overlaying 
them onto the supply chain and manufacturing process, this research contributes to theory 
through establishing a foundation which bridges the gap between literature and practice. 
Thus, merging the realms of research and practice, our approach could help us better 
understand the world around us and the way organizations operate, along with the 
application of the KPIs for each of the theories within a system that could be used by 
managers to better assess their supply chain sustainability. This bridges the gap across the 
spectrum and sets the path for further developments through the meshing of both literature 
and practice, as well as establishing a model that is easily comprehensible by practice and 
research.  
However, a pressing issue within research is that the combination of numerous 
theories has been referred to as incompetent or mere summaries that do not contribute any 
value. Therefore, it is insufficient to merely map the theories on a diagram and present 
them as a novel contribution. It is thus imperative that this model is further developed in 
a manner that is value-adding to academia, practice and literature. To that end, the first 
step was to reduce the overall number of theories utilized within the model, which had 
been identified through collating all the theories that relate to SSCM from the literature. 
Through reduction, clustering and grouping, all of which are based on subjective 
interpretation from the literature and regarding the SLNA, the number of theories can be 
reduced significantly. As such, the theories were grouped as is shown in the following 
diagram. 
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Figure 16 – Clustered theories of SSCM 
 
Thus, through this clustering, it has become apparent that although numerous 
organizational theories exist within the realm of SCM, these theories can be grouped into 
these main categories for the main purpose of sustainability implementation. It is 
necessary to establish that although individual theories lie within one of each of these 
quadrants, some of the theories overlap with other quadrants simultaneously, i.e. 
Information Theory operates within the “Corporate Theories” AND the “Market Theories” 
quadrants. However, it was imperative to strive to simplify the model as much as possible 
to explain the implications for sustainability implementation within the supply chain, or 
rather, SSCM implementation. Having concluded the clustering of these key 
organizational theories, the subsequent step is to establish how these theories relate to 
organizations.  
 
2.3. Research Gap 
There is a global initiative for organizations to consider the environment while advancing 
their production capabilities and competing in the global marketplace. This is evident 
from the preceding sections, in that numerous research gaps exist within the body of 
literature due to the lack of consensus on SSCM definition. Stemming from the SLNA 
which was conducted as a novel approach to reviewing the literature, several research 
gaps have been identified. It has become apparent that there is a lot of research assessing 
SSCM, as well as the increasing number of barriers and drivers for organizations to 
implement it. There is a clear lack of consensus amongst academic research on SSCM 
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definition. Thus, having understood the interpretations of SSCM from within the literature, 
it is necessary to understand how the organizations understand SSCM and its 
implementation in order to bridge the gap between the two. There are also several metrics 
and KPIs that organizations use in adopting SSCM (Björklund & Forslund 2013; Taticchi 
et al. 2013; Shepherd & Günter 2006), however, these are broad and differ due to industry, 
organization type and geographic location. Thus, another research gap presents itself in 
identifying whether the KPIs that literature has uncovered are indeed the ones utilized by 
organizations for SSCM implementation, and which are the most influential ones. Upon 
assessing the theoretical underpinnings of SSCM implementation, it became apparent that 
a number of organizational theories present themselves within this domain (Halldórsson 
et al. 2015; Shepherd & Sutcliffe 2011; Ghoshal 2005). Subsequently, a gap exists in 
identifying which theories are the most influential in SSCM implementation within 
organizations, and whether these numerous theories are interrelated. This is in addition to 
whether these KoTs play any role whatsoever in SSCM implementation within 
organizations, as researchers strive to identify means for organizations to become 
sustainable, and harness production methods that promote sustainability and 
environmental retention (Dangelico & Pujari 2010; Fowler & Hope 2007; Delmas & 
Toffel 2004). Additionally, after identifying the literary perceptions of SSCM, the KPIs, 
KoTs, barriers and drivers, the gap that still presents itself is how should organizations go 
about implementing SSCM and making the decision for this conversion, especially given 
the numerous barriers and drivers identified. Thus, there is a shortage in research that 
provides a comprehensive framework to aid organizations in the SSCM applications to 
improve processes and overcome barriers that they might encounter within their 
companies. Therefore, necessitating the development of a tool to aid and guide managers 
in their implementation of SSCM.  
 
2.4. Summary 
SSCM has been defined in various ways over the years, and it is of interest that GSCM 
and SSCM have been used interchangeably, and are thus assumed to be the same. The 
reason for this is due to the lack of unanimous consensus about the definitions of SSCM 
and its underpinning concepts. Furthermore, it has become apparent from the analysis in 
this chapter that the research into the area of SSCM is dominated by researchers from 
developed countries, primarily the USA and Europe. Overall a key research gap has been 
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identified between literature and practice, as per the literature review, however the gap 
within practice shall be further assessed in subsequent chapter(s). Both fields define 
SSCM differently, and therefore researchers have come up with a unified definition of 
SSCM, representing the two perspectives, and approaches to tackle it, which have 
encompassed a limited perspective either geographically, functionally or conceptually. 
Not only this, but also the methodologies employed to strive to target SSCM are numerous 
within a vast array of methods. Through the utilization of SLNA, the key papers and 
authors were identified, alongside the most influential KoTs and KPIs; a novelty and 
contribution. These set the precedent and foundation for the subsequent sections of this 
research, building upon this cornerstone to further comprehend SSCM and its 
underpinning definitions, understandings, KPIs and KoTs, leading to facilitating its 
implementation within organizations. 
 
 
  
68 
 
 
 
Chapter III  
~ Description of Methodologies & Related Literature ~ 
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3.1. Methodological approach 
This chapter aims to present the methodological approaches utilized for this research. 
This research has used a mix of quantitative and qualitative methods, which is particularly 
important for the triangulation of adopted approaches. The methodological approach is 
based upon the following areas and this chapter describes the methodologies in detail, 
whereas the application is presented in the subsequent chapters. The methodology starts 
with identifying the research gaps through SLNA (discussed in chapter 2).  
This chapter outlines the selective methods used from Text Mining and their description. 
These methods include textual analysis and Content Analysis, which are used for 
analyzing the corporate sustainability reports. Furthermore, a mix of methods from 
MCDA has been used to develop a conceptual framework. These methods include VFT, 
FTOPSIS, FAHP and TISM. Subsequently the developmental procedures for the DSS are 
explained. 
When considering the methodologies to be adopted for research purposes, the 
important aspect to be taken into consideration is that “no method of research … is 
intrinsically better than any other” (Silverman 2005, p.6). That being said, quantitative 
and qualitative research methodologies are not “mutually exclusive” and their combined 
integration would alleviate the development of new theories “rather than either method 
alone” (Meredith 1998). Additionally, the idea that“…qualitative and quantitative 
research methods can be fruitfully combined is not provocative as long as one method 
takes precedence over the other” (Foss & Ellefsen 2002), especially since “the 
explanation of quantitative findings and the construction of theory based on those 
findings will ultimately have to be based on qualitative understanding” (Meredith 1998). 
In fact, both methods could be regarded as complementary (Pope & Mays 1995). It is 
better to take well calculated risks, which may unveil certain aspects within the research 
field that have yet to be revealed and it would be better to take the risk and learn from its 
outcomes rather than regret them later on, for as Humphreys (2005) stated in his research, 
he “wished he had taken more risks” (Humphreys 2005, p.847), and it is perceived that 
through the integrated “triangulation with multiple means of data collection, the validity 
can be increased further” (Voss et al. 2002). Qualitative methodologies can be used as a 
“follow-up” to quantitative research such that they attempt to probe more deeply and 
validate previous empirical results (Voss et al. 2002), while triangulation via multi-
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paradigmatic approaches can propel idea development in the field as the “lack of mixed-
methods could have an adverse impact on the development of the field” (Burgess et al. 
2006). The major question that every researcher must ask themselves is “what are we 
trying to find out?” (Silverman 2005), and as research exists for the basis of knowledge 
creation for the utilization and application by practitioners, it is important to identify that 
the scope of application and enquiry extend beyond the boundaries of the single firm 
(Silverman 2005; New 1997), though the question remains, how far?  
This research is about the combination and triangulation of qualitative (i.e. 
literature review, text and Content Analysis) and quantitative research methodologies (i.e. 
MCDA and DSS) collectively. This is to probe the field as deeply as possible, and render 
sufficient information facilitating the creation of new knowledge that would be useful to 
scholars in developing the field. This section subsequently outlines each of the methods 
utilised within this research: Text Mining, MCDA and DSSs. As such, Figure 17 presents 
the research methodologies employed and their interconnectedness, leading to the 
accomplishment of the outlined research objectives. This research has the overarching 
aim of developing a DSS aiming to aid managers in evaluating, assessing and improving 
the sustainability of their supply chains. However, to accomplish this, a structured 
approach is required. The process starts with the exploration of the literature using SLNA. 
This was used in chapter 2 to review the literature and identify the research gap as well 
as KPIs, barriers and drivers, thus setting the foundations for this study. This can be seen 
in Figure 17, which outlines the structured approach. In addressing the identified gap, 
annual sustainability and financial reports of top global manufacturing organizations are 
collected and text and content are analyzed. This is to better understand how companies 
evaluate their performance, how they present their sustainability practices, their adopted 
standards, as well as their barriers, drivers, and KPIs.  
Subsequently, the results from all the above are collated, and a theoretical 
framework that assesses the Key Organizational Theories (KoTs) is established. These 
KoTs include; Complexity Theory, Contingency Resource Based theory, Ecological 
Modernization Theory, Governance Theory, Institutional Theory, Natural Resource 
Based View, Resource Dependence Theory, Schumpeterian Economics, Signaling Theory 
and Stakeholder Theory. All of which are then utilized to develop a unifying framework 
titled “Tree perspective of sustainability”, showcasing the key influential organizational 
theories in SSCM application, their interrelationships with one another, and the roles they 
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play in SSCM, thus, conveying the deeper understandings of different theories and their 
contextualization within SSCM.  
Thus, relying on opinions of consultants and experts from around the world 
through an online survey using Multi-Criteria Decision Analysis (MCDA), the weights 
for the KPIs which would subsequently be used in the DSS are accumulated. The survey 
is created and administered in an online format through the “Onlinesurveys” portal, and 
is used to assess, rank and weight the importance of the most influential KPIs for 
sustainability implementation, and model their interdependencies. All of this would 
facilitate the identification of the most important and influential KPIs for sustainability 
alongside their respective theories.  
Eventually, the weighted KoTs and KPIs would be utilised in the development of 
a Decision Support System (DSS), which creates a Sustainability Assessment tool that is 
finally piloted within an organization. This tool would be based on accumulated 
understandings from both literature and practice, alongside expert opinions, and would 
aim to identify problem areas based on this assessment. The aim is also to provide 
suggestions for improving SSCM, if that exists, or implementing SSCM within an 
organization. Finally, the usability and contribution of the DSS would be demonstrated 
in the context of several organizations. 
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Figure 17 – Step-by-step overview of methodologies 
Meanwhile, it is noteworthy that the combination of qualitative and quantitative 
research methodologies and their triangulation, facilitation and complementation 
(Hammersley 1996), in order to probe the field as deeply as possible and render sufficient 
information that would facilitate the creation of new knowledge that would be useful to 
scholars in developing the field for the practitioners’ use, is deemed as most suitable, 
though the question of mixing and matching remains in reference to the methodology that 
was employed (Johnson & Onwuegbuzie, 2004). It has been identified that throughout 
the recent ages of writing, there has always been a conflict within researchers’ minds as 
to the best methodology to employ in their research. Would quantitative provide sufficient 
substantial data to support this cause? Or would a qualitative approach better fulfil this 
requirement, while providing insights and perspective into the field which could render 
the research ground breaking. It has been established that no method is “better” than the 
other, simply because it is a “relevant matter”, one which takes into consideration several 
factors such as the research scope, the research question, field, and researcher’s personal 
preferences, among many other variables. The integration of alternative methods and 
using them to validate one another has provided an edge and new insights. This is because 
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it has facilitated the insurance that the right questions were asked in the right way, yielding 
the most significant and relevant results possible. Thus, the successful integration of both 
qualitative and quantitative methods in research has and will continue to be productive in 
academic research, especially as findings are substantially established and credibility 
could thus be enhanced. 
Consequently, this research contributes to the body of knowledge through 
utilizing a novel combination of methodologies, each in its own field and for its own 
purposes, within a perspective that builds upon the findings from literature and practice. 
The next section discusses the Text Mining methods, which are used as a tool to not only 
analyse the literature, but also corporate reports, in an endeavour to derive novel insights 
about organizational sustainability practices and associated KPIs. 
 
3.2. Text Mining Methodology 
This section aims to review Text Mining, which is utilized to analyse organizational 
sustainability reports, and provide further insights into its methodology and applications.  
Corporate reports are a rich source of textual data and are the best measure of 
organizational assessment (Tate et al. 2010; Seuring & Muller 2008). These reports 
communicate decisions taken by organizations and reveal the intentions of the 
organization, its strategies, activities, incentives, and measuring impacts. Not only this, 
they also include SCM, supplier management and communications across the 
organization and its supply chain. However, perhaps there is a bias in the measure of 
actual firm environmental performance (Ullmann 1985) given that the reports are made 
and presented by the organizations themselves. Thus, having covered the literature and 
discussed SSCM from an academic perspective, it is imperative that it is also perceived 
through the organizational lens. Striving to bridge the gap between corporations and 
academia necessitates hearing both sides of the discussion to establish the most important 
terminologies, KPIs and metrics. Instrumentally governed by environmental regulation 
(Buysse & Verbeke 2003) and leading to international competitiveness (Hahn et al. 2004), 
most organizations now dedicate significant time and organizational positions to this 
cause (Buysse & Verbeke 2003). Penthin (2015) has identified that “54% of larger 
companies claim to have established GSCM,” with companies launching green products 
continuously (Dangelico & Pujari 2010). Meanwhile, stakeholders are exerting more 
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pressure with higher expectations of the organizations (Handfield et al. 2002) and product 
development processes (Dangelico & Pujari 2010), especially as the common notion is 
that economic output is directly proportional to environmental harm (Ehrenfeld & Gertler 
1997). Thus the integration of environmental consideration and measures affects not only 
the focal organization, but also its surrounding environment, supply chain, and customers 
(Sarkis 2003). Furthermore, organizations are motivated to reassess their supply chains 
and adopt sustainability practices (Testa & Iraldo 2010), which facilitate the alignment of 
the organizational development both economically and environmentally (Fahimnia, 
Sarkis & Eshragh 2015), providing products that have a positive effect on the 
environment and have lower environmental costs compared to conventional products 
(Reinhardt 1998; Dangelico & Pontrandolfo 2010).  
Consequently, the retention of measures that facilitate the maintenance of the 
immediate organization’s surrounding environment, socially and ecologically (Perez-
Batres et al. 2011) is a pivotal focus point for organizations. This is especially the case as 
wastage created by manufacturing organizations in various forms harms the planet and 
all forms of life (Dubey, Gunasekaran & Samar Ali 2015) and as the process relies on 
inputs from the natural environment only to be returned as harmful waste embodied 
within the processes, the products and the packaging. This spans the whole supply chain 
and necessitates the involvement of all its members (Ehrenfeld & Gertler 1997; Srivastava 
2007a) leading to the implementation of sustainability across the breadth of the supply 
chain (Lee 2010). As per Seuring & Muller (2008), the four key areas of focus are 
pressures and incentives, measuring impacts, supplier management and SCM. Therefore, 
strategic implementation could be reputation led, efficiency led or innovation led (Vachon 
& Klassen 2008), focusing on how organizations make use of their suppliers, customers, 
technologies, and processes (Vachon & Klassen 2008; 2007; 2006). However, 
organizations fear legal prosecution for supplier’s noncompliance and thus prefer 
ignorance of supplier environment-related activities (Handfield et al. 2002), which 
hinders sustainability implementation through barriers to communications and 
cooperation (Van Bommel 2011; Dubey, Gunasekaran & Samar Ali 2015), as the 
organizational supply chain linkages play an important factor in GSCM (Sarkis 2003; 
Tseng et al. 2013). 
Many options present themselves for organizations to integrate environmental 
factors within their supply chains (Sarkis 2003), with the decision remaining a strategic 
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choice (Testa & Iraldo 2010) that lies with the organization (Perez-Batres et al. 2011). 
Reasons underpinning this decision depend on the organizational characteristics and vary 
from institutional and regulatory pressures to legitimacy competitiveness and ecological 
responsibility (Dubey, Gunasekaran & Samar Ali 2015; Dangelico & Pujari 2010; Testa 
& Iraldo 2010; González-Benito & González-Benito 2006; Delmas & Toffel 2004; 
Shrivastava & Hart 1995). The clear direction of organizations heading towards 
sustainability indicates that the change in the organizational mindset, in relation to 
“environmental value” and “social good,” is driven through the desire for technological 
innovation and market-driven product developments, rather than mere regulatory 
compliance (Dangelico & Pujari 2010). However, that being said, many organizations are 
believed to have adopted sustainability in compliance with regulations, but such 
regulations are conjointly prepared with industry prior to implementation to ensure 
feasibility of application and compliance (Buysse & Verbeke 2003). The question that 
then presents itself is: what is the best approach to assess and analyze these reports? 
3.2.1. Introducing Text Mining 
There are numerous Knowledge Discovery in Text (KDT) tools used to facilitate the 
assessment of documents and the identification of patterns, trends and associations (Ur-
Rahman & Harding 2012; Choudhary et al. 2009; Choudhary et al. 2006). Content 
Analysis and Text Mining are at the forefront of these methods as they facilitate the 
identification of patterns within text that would normally not have been discernible due 
to the excessive abundance of information (Choudhary et al. 2009; Neaga & Harding 
2005). This is accomplished through the natural language processing and transformation 
of quasi-structured texts into meaningful knowledge and information. Text Mining uses 
a number of techniques such as information retrieval, visualization, text analysis, 
relationship identification, concept extraction, clustering and data mining (Ur-Rahman & 
Harding 2012; Choudhary et al. 2009; Choudhary et al. 2008; Harding et al. 2006; 
Shahbaz et al. 2006; Neaga & Harding 2005; Carley 1993), thus acting as a tool that 
facilitates the identification of patterns and meaning from large pieces of text. This tool 
is also used to uncover meaning and relationships that are hidden within unstructured text 
such as corporate reports (Valitutti et al. 2005; Hearst 1999). The applications range from 
social media analysis, to National Security and Natural Language Processing, to gene and 
biomedical protein analysis and even being applied in Scientific discover, amongst many 
others. This proves that Text Mining is of increasing value, especially as text remains the 
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most pertinent means of communication and data storage, in spite of the technological 
advancements (Choudhary et al. 2008; Pang et al. 2002). 
 
3.2.2. Text Mining Methods: a review 
 
Content analysis is a systematic and replicable Knowledge Discovery Technique for 
categorizing many words of text into a few categories according to explicit rules outlined 
from the onset, and leading to meaningful patterns and models (Ur-Rahman & Harding 
2012; Choudhary et al. 2009; Montabon et al. 2007; Choudhary et al. 2006; Klassen & 
Whybark 1999; Carley 1993). It builds on the grounded theory approach which aims to 
discover the ideas underpinning the main concepts within a focal field of research 
(Länsisalmi et al. 2004). It also allows the systematic evaluation and deeper 
understanding of the themes conveyed within written and recorded communication 
(Kolbe & Burnett 1991), such as a Corporate Sustainability Report. In addition, Carley 
(1993) outlines that Content Analysis aims to code the content and distribute it into its 
representative predefined categories and relations. Montabon et al. (2007) identify that 
Content Analysis has had limited application within the field of operations management, 
and are in agreement with Frohlich (2002) on the need for its innovative use in this area. 
Albeit a slightly different definition, the adopted approach within this section 
resembles that of a case study, which is one of the “most powerful research methods” 
(Voss et al. 2002), especially since it focuses on comprehending, understanding and 
interpreting (Gephart 2004) the dynamics that exist within multiple scenarios (Eisenhardt 
1989). Data validity and reliability play an integral role in research, and thus could not be 
overlooked within this stage. Thus, as per Yin (1984) and Voss et al (2002), the construct 
validity requires input from various sources of evidence and is assured at the data 
collection stage, which is then followed by internal validity which is established in the 
data analysis stage, wherein the patterns are matched and explained. External validity is 
embedded throughout the research design through the implementation of replication logic 
across the various case studies and finally the data reliability identification in the data 
collection stage is facilitated through the protocols integrated therein. However, it is 
imperative that qualitative research is first outlined, to further understand the 
implementation of the adopted and developed methodology. 
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SCM is a continuing co-determinant which extends beyond the technical or 
journalistic comprehensions (New 1997), which increases the difficulty for making the 
choice of methodology in the field. Not only this, it is also imperative that the trade-offs 
between quality of data and efficiency are taken into consideration (Voss et al. 2002). 
However, since qualitative research passes through stages of induction, discovery and 
exploration, followed by theory/hypothesis testing (Johnson & Onwuegbuzie 2004), the 
following approach seemed to be the most appropriate. Stemming from the processes of 
building theory from case studies as is outlined by Patton & Appelbaum (2003), 
Eisenhardt (1989) and Yin (1984) the steps outlining the Text Mining approach are: 
a) Case Selection & identification  
b) Instrument & protocol crafting  
c) Entering the field – Combination of Data Collection & Data Analysis  
d) Analysis of data 
e) Hypotheses shaping 
f) Enfolding literature 
g) Theoretical saturation, closure and contribution 
These are further expanded upon and form the structure for the subsections 
outlined in chapter 4 section 4.2, and which act as the backbone for the Text Mining 
methodology. In conducting the Text Mining, one of the important steps is the 
identification of the software options available for conducting the data Content Analysis; 
this is to select the most appropriate software with features that are aligned with the 
objectives of this research. This is further presented in the following tabular comparison. 
 
Table 17 – Comparison of Text Mining & Content Analysis Software 
Software Name Strengths Weaknesses 
Atlas.ti 
(Scientific Software Development 
GmbH 2016) 
Codes are independent entities.  
Ability to hyperlink within software to 
simplify coding process. No tool 
required for inter-coder agreement. 
Visibility for tree structure. Flat code 
list. Taxonomical structure for codes & 
memos 
Limited trial version up to 10 
documents with a maximum of 
100 quotations and limited data 
export. 
Aquad  
(Huber 2017) 
Multiple data types (text, images, 
videos…etc.) Many retrieval methods 
Relationship  
Complex GUI 
Carrot 2 
(Osinski 2016) 
Automatically clusters into thematic 
categories. Accesses many online 
Databases and thesauruses for 
linguistic thematic analysis 
Limited applicability 
Coding Analysis Toolkit (CAT) 
(Texifter 2007) 
Imports Atlas Data, based on 
Qualitative Data Analysis Program 
(QDAP). Works well with qualitative 
data collected from interview 
Uses keystrokes instead of 
mouse clicks. 
Better suited for group work 
Requires coding and manual 
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transcripts, field notes, open ended 
survey answers. 
KH Coder 
(Slashdot Media n.d.) 
Corpus linguistics 
Multi lingual Collocation statistics & 
Cluster analysis MySQL, R, Snowball 
stemmer back-end tools 
Only takes raw texts 
Japanese backbone slows down 
process with clunky & confusing 
interface. Constantly crashed 
when dealing with data 
Natural Language Toolkit (NLTK) 
(NLTK Project 2016) 
Suite of libraries and programs. 
Facilitates symbolic & statistical 
analysis. Natural Language processing 
Operates as an Add-on to R 
Requires understanding of R 
programming language 
Nvivo 
(QSR International Pty Ltd 2016) 
Provides features to organize data 
accumulated and quantitatively 
analyzing them. Best utilized for 
analysis of transcribed interviews, 
downloaded journal papers, notes, 
memos and annotations.  
Constantly crashes on Windows. 
Complicated GUI and confusing 
features that are not intuitive. 
 
Open NLP 
(The Apache Software Foundation 
2010) 
Maximum Entropy and Perception 
based Machine learning based. Toolkit 
for Natural Language text processing. 
Supporting common NLP tasks 
through segmenting sentences, 
tagging parts of speeches, 
extracting named entities, 
tokenization and co-reference 
resolution. 
Pattern 
(Python Software Foundation 2016) 
Web mining module for Python. 
Accesses online databases and works 
as an expansion pack to R-program. 
Works as an add-on to R 
program. Operates in Python 
Language. More suited for web 
research. Requires knowledge of 
R programming. 
QDA Miner Lite 
(Provalis Research 2016) 
Works well with coding, annotating, 
retrieving and analyzing small and 
large collections of documents and 
images  
Limited trial version does not 
permit use of features to full 
extent and limits number of 
reports. 
SAS 
(SAS Advanced Products Solutions 
2016) 
Web mining with annotation. Machine 
learning with GUIs. Tailored software 
package to client needs. 
Expensive software, Limited trial 
available 
TAMS 
(Weinstein 2012) 
Analyser that works on GNU, Linux & 
Mac OS. Inductive coding approach.  
Weak GUI and processing tools. 
 
Subsequently, it is imperative that the various steps and procedures that are to be 
adopted within the implementation of the Text Mining are outlined and established. As 
had been mentioned in the literature (Lee et al. 2015; Genovese et al. 2013; Carbone et 
al. 2012; Ghadge et al. 2012; Ur-Rahman & Harding 2012; Tate et al. 2010; Choudhary 
et al. 2009; Hearst 1999) and further adopted in previous studies, the process for the Text 
Mining is shown in Figure 18. 
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Text mining commences with the collection of 
the documents for analysis. These documents are then 
transformed into a format suitable for use in the 
software for analysis and loaded into the software. The 
documents are then retrieved and are pre-processed 
through the removal of unwanted text and delimiters. 
This is in addition to the removal of “stop words” which 
are identified from a “stop list” which indicates the list 
of words that are repetitive and distributed throughout 
the text without adding any value to the text context.  
As per Carley (1993), this facilitates the minimization 
of storage, facilitates auto-coding and also simplifies 
text generation. Finally, the text is truncated to the roots 
or “stems” of the words using a stemming approach, and 
based on the stemming dictionaries inbuilt within the 
Text Mining software, such that words with different 
endings are grouped into the main stem of the word, e.g. 
implementation and implementing are grouped with the 
stem of implement. Subsequently, the Text Mining 
process is instigated such that the mining process and 
report generation are done simultaneously, facilitating 
the identification of patterns, trends and associations. 
The outcomes of these would then be collated and 
utilised within the MCDA section of this research.  
3.2.3. Corporate Report Analysis in the literature 
 
After the identification of the value of Text Mining, it is imperative to identify the gaps 
that exist within its realm. Upon reviewing the literature, it has become apparent that there 
exist numerous gaps within the domain of SSCM; this is further presented in Table 18, 
which outlines the Text Mining approach by each of the following researchers, in 
analyzing the content of corporate reports. It is apparent that a dichotomy exists between 
the academic research and organizational practical implementations.
Figure 18 -  
Text Mining Process 
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Table 18 – Table of corporate report Text Mining literature 
Reference Methodology Gap Findings 
(
L
e
e
 
e
t
 
a
l
.
 
2
0
1
5
)
 
Conducted research to assess the connection between the 
environmental performance of Malaysian ISO14001 accredited 
suppliers and any competitive advantages they may have. 
 Outlined that suppliers have a direct relationship of positive 
nature with both competitive advantages and environmental 
performance 
(
G
e
n
o
v
e
s
e
 
e
t
 
a
l
.
 
2
0
1
3
)
 
Distributed a survey to top 100 manufacturing organizations within 
the area of South Yorkshire in the United Kingdom. 
Dichotomy between literature 
and practical implementation of 
environmental criteria for green 
supplier selection  
 
(
C
a
r
b
o
n
e
 
e
t
 
a
l
.
 
2
0
1
2
)
 
Collating sustainability performance from Innovest global database, 
MSCI, and local financial indices. Multi-Factor Analysis is conducted 
as a multivariate technique through a partial principal component 
analysis followed by a normalization process.  
 
Integrating Environmental and 
social dimensions of 
sustainability within the 
corporate context. 
Links between social and environmental performance identified, 
with differences across industries and countries. Moreover, 
outlines the priority of environmental initiatives as superior to 
social performance. Lastly, clear independence between the 
environmental and social dimensions of sustainability at both the 
corporate and supply chain levels.  
(
W
a
l
k
e
r
 
&
 
J
o
n
e
s
 
2
0
1
2
)
 
Semi-structured interviews and secondary data collection from 
reports to ascertain which of the identified barriers and enablers 
were relevant to the organizational implementation of SSCM. 
Accompanied with the mapping of the organizational performance 
on a proposed typology, outlining the organizational approach to 
SSCM implementation.  
Investigation of the 
implementation of sustainable 
SCM within organizations and 
identify the factors that 
influence SSCM. 
Identified organizations as Agenda setters, Internal Focusers, 
Reserved Players and External Responders. Also confirmed 
which of the identified barriers and enablers, internally and 
externally of the organization from literature were present within 
the organization or relevant. 
(
T
a
t
e
 
e
t
 
a
l
.
 
2
0
1
0
)
 
Performed Centered Reasoning Analysis (CRA) using Crawdad 
Content Analysis software to examine how companies’ supply chain 
strategies Sustainability activities are communicated to their 
stakeholders.  
Communication of supply chain 
sustainability strategies to 
stakeholders 
Findings indicated that while institutional pressure is the major 
driving force behind strategy development for all of the industries 
studied, companies emphasize different facets of social, 
environmental and economic responsibility upstream and 
downstream in supply chains based on industry, size and 
geographic location. 
(
J
o
s
e
 
&
 
L
e
e
 
2
0
0
7
)
 
Analysed the data about the global 200 companies from Fortune 
500 for 2002, and correlated it with information from their individual 
websites, and subsequently analyzed through conceptual Content 
Analysis. 
The degree of environmental 
information disclosed by 
organizations on their websites 
requires further scrutiny as per 
the literature.  
140 of 200 business provided environmental resources and 
information, alongside the identification that Western Europe and 
Japan provide stricter organizational environmental parameters 
on performance and disclosure. Furthermore, large 
manufacturing organizations have a greater level of 
environmental disclosure. Lastly is the identified importance of 
top management commitment levels to the initiatives. 
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(
M
o
n
t
a
b
o
n
 
e
t
 
a
l
.
 
2
0
0
7
)
 
Utilised web-based versions of corporate environmental reports as a 
source of information to analyse environmental performance 
metrics. These were subsequently analysed using Content Analysis, 
with the focal firm being the key unit of analysis. This was to identify 
the relationship between firm performance and environmental 
management practices, using SYSTAT software. 
 Identified that there is a much vaster range of Environmental 
management practices within firms and organizations, which are 
positively correlated with various firm performance metrics. 
Furthermore, results supported Porter & Van der Linde (1995) 
“win-win” argument. 
(
K
o
l
k
 
2
0
0
3
)
 
Analyses the trends and panel data for the Fortune Global 250 in 
both 1998 and 2001, to evaluate the extent of non-financial 
corporate reporting on sustainability.  
Aiming to analyse the 
variations in non-financial 
corporate reporting trends.  
It is evident that environmental terminology and concepts that are 
more colloquial such as philanthropy and focus on labour 
employment have welded a higher degree of interest across the 
board. 
(
C
e
r
i
n
 
2
0
0
2
)
 
Looking into the motivation behind and impact of the organizations’ 
environmental reports’ utilization of 3rd party validation and reviews, 
especially in light of the increasing importance and significance of 
corporate environmental reporting.  
Validating that corporate 
environmental reports strive to 
correlate with the 
organizations’ annual reports 
and identify discrepancies and 
their underpinning reasons. 
Sectors that are constantly struggling strive to improve positive 
stakeholder impression of organizational performance, however 
the quantitative elements are very limited if not non-existent 
within these reports. It is also clear that although there are a 
number of optional governmental regulations, it is clear that the 
majority of companies fail to follow any particular practice. 
Another clear outcome is that that stakeholder appeasement is 
clear, however a dichotomy between company statements and 
activities is also clear and further explained via institutional 
theory. 
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After reviewing the related literature, there exists a gap between the research on 
the practical implementation of sustainability within organizations. This gap revolves 
around the utilization of this approach to further understand how organizations 
present/implement sustainability. However, it is an approach that is fraught with many 
limitations, especially with the discrepancies between organizational reporting standards 
which are attributed to geographic location, industry, voluntary standards adhered to and 
many other various factors (Tate et al. 2010; Fowler & Hope 2007; Jose & Lee 2007; 
Global Reporting Initiative 2006; Kolk 2003). It would seem limited research has strived 
to assess the corporate reports in terms of theoretical domains and implications within. 
Not only this, but also applying literary concepts to the corporate reports with the 
intention of uncovering interconnecting relationships does not seem to have been 
conducted within the SSCM research domain.  
 
3.3. Weighted Experts’ Opinion Collation 
 
Thus far, there exists a number of motivational drivers for implementing 
environmental practices and sustainability within an organization (Christmann & Taylor 
2001) stemming from both literature and practice. These need to be explored, as the 
comprehension of these underlying reasons could contribute to the establishment of 
suitable regulations that aid organizations in overcoming barriers and obstacles (Jabbour 
2015; Baumgartner 2011; Foster et al. 2011; Kittipanya‐ngam et al. 2011; Setthasakko 
2010; Mont & Leire 2009). These reasons might also include: ecological responsibility, 
legitimacy, or competitiveness (González-Benito & González-Benito 2006; Bansal & 
Roth 2000; Shrivastava & Hart 1995) or pressures from corporate stakeholders (Buysse 
& Verbeke 2003). Other factors include product design, production processes/flow, 
packaging and environmental objectives and compliance as well as ISO 14000 
certification and internal environmental management (Zhu et al. 2008a). From an 
economic perspective, researchers have always strived to reach the optimum 
circumstances under which it would be feasible to become green (Reinhardt 1998) as well 
as being a great way for organizations to reach a competitive advantage (Porter & 
Reinhardt 2007) while satisfying large customers who exert pressure on the organization 
for improved environmental performance (GEMI (Global Environmental Management 
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Initiative) 2001; Van Nunen & Zuidwijk 2004). Having covered the qualitative research 
in the operations management field, the benchmark is comparing it with quantitative 
research which relies on generalizations that are assumptive (Meredith 1998). Although 
there is no distinct line between quantitative and qualitative data, especially since most of 
the methods such as interviews and surveys could be analysed in either way (Easterby-
Smith et al. 2002), some purely statistical methods are attributed to quantitative 
methodology solely.  
MCDA thus aims to facilitate the decision-making 
process by the presentation of a finite group of alternatives 
to the decision maker and manager (Chai et al. 2013). 
Building on the literature that has developed as well as the 
various usage of alternative methodologies that were 
discussed in earlier sections, the following model, Figure 19, 
representing the methodological procedures has been 
devised.  
It is imperative to note that the utilization of MCDA 
for the identification of KPIs for sustainability 
implementation in the supply chain presents a novelty, as 
this approach is usually utilized for the identification of 
ranking factors for logistics providers and suppliers. For the 
MCDA section of this research, which aims to accumulate 
the weighted opinions of experts, a survey administered 
online using www.onlinesurveys.ac.uk, is the instrument of 
choice. Within this survey, the following MCDA tools are 
utilized to capture experts’ opinions. 
3.3.1. Introduction to MCDA 
Existing research is divided in assumption about the presence versus the lack of 
structure in decision problems currently encountered by managers (Alexander et al. 2014), 
but one thing that is for certain is that they both exist within the “Chaotic Domain” (Cheng 
& Liu 2007). As per Ralph Keeney (1996), most research advises us on how to solve a 
decision problem but never facilitates the identification of potential decision opportunities. 
MCDA provides a valuable assistance through structuring the problem and helping 
facilitate its understanding despite its criteria which could often be multiple and 
Figure 19 – MCDA 
Methodological 
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conflicting (Liu et al. 2013; Chai et al. 2013; Saghafian & Hejazi 2005; Belton & Stewart 
2002), especially if many stakeholders are involved, each with their own perceptions, 
expectations, values and objectives (Montibeller 2005). As Ross (2010) has indicated, “to 
be able to make consistent and correct choices is the essence of any decision process 
imbued with uncertainty” (Ross 2010, p.276). Moreover, as per Isabella (1990), the 
interpretive assumptions realise that managers and organization members; 
a) Create reality they inhabit 
b) Retain within a collectivity their individual frames of reference 
c) Do not view managers as collective as it is a salient perspective 
Thus it is imperative that decision making support is provided. Furthermore, building on 
the literature review, it has become apparent that many researchers have delved into 
analysis of the utilized approaches and methods for the field of SSCM.  
In a complex and constantly changing environment, managers are faced with 
significant decisions that require vast inputs from their side culminating in their choice of 
a response with many ambiguous aspects involved (Chai et al. 2013; Graves 2013; 
Keeney 1996). The conversion of an organization’s supply chain towards a sustainable 
one is no easy feat. With various inputs and decision contexts alongside numerous factors, 
it is a demanding objective, especially when coupled with the “vague uncertainty” that is 
often associated with linguistic and intuitive information (Ross 2010). One of the major 
drawbacks of decision analyses is the assumption that alternatives and preferences are 
already known (Keeney 1996). Multi-Criteria Decision Making (MCDM) tools have thus 
come into existence within the chaotic domain in an endeavour to simplify a decision 
context (Cheng & Liu 2007), allowing the balancing of different criteria. This is through 
various approaches, the most pertinent of which weighs the options and their significance. 
Whichever tool is used, it is imperative to keep in mind that they are merely support 
systems that aid the decision makers’ judgements (Alexander et al. 2014).  
Several combinations of MCDA have been applied across the breadth of literature. 
Kannan et al. (2008) utilized Interpretive Structural Modeling (ISM) and Analytical 
Hierarchical Process (AHP) to evaluate how the criteria within an automobile industry 
interact; congruently, Peng (2012) combined AHP and Grey Relational Analysis (GRA) 
to benchmark supplier environmental performance metrics. Meanwhile, Hsu et al. (2013) 
used DEMATEL (Decision Making Trial and Evaluation Laboratory) to identify and 
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improve the criteria of carbon management vendors, and Govindan et al. (2013) utilized 
a Fuzzy Technique of Order Priority by Similarity to Ideal Solution (FTOPSIS) approach 
to evaluate suppliers based on the Triple Bottom Line dimensions, while Kannan et al. 
(2014) utilized it to evaluate and rank suppliers. On the other hand, Sahu et al. (2012) 
evaluated supplier environmental performance through an overall Fuzzy Index, while 
Humphreys et al. (2006) utilized the MCDA framework for assessing the environmental 
issues and their importance across the breadth of supplier selection. However, whatever 
the context, to be able to make consistent and correct choices is the essence of any 
decision process imbued with uncertainty (Ross 2010, p.276). As such, the Cynefin 
framework provides a pragmatic overview that reminds us that when facing a decision, 
we must be mindful that the type of decision context has a major influence on how it 
should be approached (Alexander et al. 2014). Kurtz & Snowden (2003) emphasize that 
Cynefin is a sense-making framework that should vary for each individual context in 
which it is applied, and that categorization is a method only applicable to structured 
decision contexts. As can be seen in Figure 20, the Cynefin Framework Domains are 
Complex, Chaos, Known and Knowable.  
Thus, metrics and standards are 
imperative in guiding the SSCM 
implementation throughout the 
organization, stemming from the 
structured and unstructured 
contexts, as per the Cynefin 
Framework, leading towards 
prescriptive SSCM decision 
management. Thus, it is 
imperative to move the decision 
variables from the chaotic 
unknown to the realm of the 
known or at least the knowable, 
such that decisions can be made. 
This ties in to this research as it 
revolves around the complexity of the decision-making process and the surrounding 
Figure 20 – Cynefin framework domains  
Source: (Kurtz & Snowden 2003) 
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environment that affect this process. Thus, in an endeavour to identify a rigorous approach 
to this decision-making, MCDA has come to fruition.  
 
3.3.2. MCDA Methods: a Review 
The following subsections address the various methods of MCDA that shall be utilized 
within this research, starting with Keeney’s Values Focused Thinking (VFT), followed 
by Fuzzy Analytical Hierarchical Process (FAHP). Subsequently comes the Fuzzy 
Technique of Order Preference by Similarity to Ideal Solution (FTOPSIS), and finally 
this section ends with the Total Interpretive Structural Modelling (TISM) for modelling 
of interrelationships. The following subsections shall outline each of these methods 
further, and then they shall be integrated collectively as portrayed in Figure 21 and will 
be presented in section 5.2. As can be seen in Figure 21, the top part refers to the 
input/output model presented in Figure 1, with the research areas being transformed into 
research outputs through the iterative research processes. The bottom half indicates the 
KPIs from literature and practice as the inputs and the MCDA processes based on VFT, 
FAHP, TISM and FTOPSIS. This is with the dashed arrows indicating the sequence while 
the solid arrows indicate the iterative processes, reaching the final output of the 
identification of the best possible combination of KPI performance levels and scores.  
 
Figure 21 – MCDA methods combination 
The research conducted spans the methodological spectrum; the following table outlines 
previously used methods, why they were used and who they were used by: 
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Table 19 – Table of decision analysis methods used in SSCM research 
Method Source/s Description 
AHP (Saaty 1980) aims to systematically combine the perspectives and opinions of experts accompanied with the results of the scores for 
their evaluation of the different criteria, all into “a simple elementary hierarchy system”  
ANOVA (Fisher 1919) A statistical approach used to analyse factors and relationships between one and one or one and many explicative 
variables while maintaining a status of independence, linearity, homoscedasity and normality. 
ANP (Saaty 1996) Through the clustering of nodes, the decisions are influenced, and is based on the basis of the AHP. 
CBR  (Schank 1982) The process of solving new problems primarily based on the successes of similar past problems that have been 
resolved. 
Chi Square Test (Pearson 1893) Assesses the positive relations between a set of observed values and those expected theoretically. In other words, it is 
a statistical test applied to sets of categorical data to evaluate how likelihood between the sets arisen by chance. 
Cynefin Framework (Kurtz & Snowden, 2003) provides a pragmatic overview that reminds us that when facing a decision, we must be mindful that the type of decision 
context (Complex, knowable, known or chaos) has a major influence on how it should be approached within the sense-
making model 
DEA (Seiford & Thrall 1990) Is used to measure productive efficiency of decision making solutions. The tool is as set of measures to benchmark the 
performance of manufacturing and service operations. 
FAHP (Van Laarhoven & Pedrycz 1983) The application of Fuzzy concept to Analytical Hierarchical Process 
Factor Analysis (Spearman 1904) Is a system of self-evaluating, using a method in which list numeric values of level of importance against a list that 
applies to the said self-evaluation of the company. 
Fuzzy Ross 2010 Fuzziness refers to events that are indistinct or lack clarity, its integration makes it possible to use linguistic variables for 
evaluation; approximating the behaviour of systems, and overcoming ambiguity due to human subjective judgements  
Fuzzy Set Theory  (Zadeh 1965) Assesses the elements in binary terms per a bivalent condition — an element either belongs or does not belong to the 
set. However, fuzzy set theory permits the gradual assessment of data. 
Game Theory (Von Neumann 1928; Von Neumann & 
Morgenstern 1944) 
The Game theory is based on a mathematical way of making decisions. In competitive situations, this method is then 
analyzed to determine the best course of action for a company or business. 
Genetic Algorithm (Mitchell 1996) Genetic algorithm is a method for solving issues that is based on natural selection, in drives 
biological evolution. The genetic algorithm repeatedly modifies a mass group of individual solutions. 
ISM (Cartwright et al. 1965) a learning process operating on the premise of identifying and organizing the contextual relationship and interactions, 
not just between parental topics but also across the network of their subordinates, and then transforming the data into a 
comprehensive and visibly well-defined model 
Structural Equation Model (Westland 2015) Is a technique for building and testing statistical models. It is a hybrid technique that adds together aspects of 
confirmatory factor analysis, path analysis and regression for an outcome. 
TISM (Sushil 2012; Nasim 2011)  
TOPSIS (Hwang & Yoon 1981) hinged on the premise that the alternative to be chosen must be the closest one to the ideal solution; Positive Ideal 
Solution (PIS), while being the farthest one from the worst possible solution, or the negative ideal solution (NIS) 
VFT (Keeney, 1996) VFT is an approach outlining that people focus first on identifying alternatives rather than on articulating values. In other 
words, when a complex problem occurs, people respond, focusing on mechanics and fixed choices instead of on the 
objectives that give decision making its meaning. 
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Upon identifying various MCDA methods that exist within the domain, it is imperative 
to note that the number of methods expands exponentially as various mathematical 
algorithms are used in various combinations by different researchers. As such, the 
subsequent sections shall endeavour to shed more light on the methods adopted for 
utilization within this research, hinged on the premises and purposes outlined therein.  
  Keeney’s Values Focused Thinking (VFT) 
Keeney’s VFT is based on the alignment to principles and objectives rather than 
choosing between alternatives (acting as a principle based tool) – providing a way to 
better understand the role of values in business sustainability (Alexander et al. 2014). 
Keeney’s value-focused approach to decision-making means setting a direction that goes 
beyond the constraining structure of existing mindsets and need for definable attributes 
for structured decision models. Starting with the identification process for the parameters 
of a decision problem, followed by outlining the framework for making the decision 
(Keeney 1996), this framework is then utilized in the evaluation, design and improvement 
of alternatives (Parnell et al. n.d.), and lies within the realms of the decision context: the 
set of actions and alternatives available to the decision maker. This is as well as the 
fundamental objectives, outlining the means and ends as consequences of the decisions 
which drive the process, all of which revolve around explicit and consistent strategic 
objectives (Graves 2013). This is then followed by setting “attributes” which assess the 
achievability of an objective, while eliciting values from all stakeholders with a policy of 
honesty. Thus, Values-Focused Thinking (VFT) contributes to decision making through 
uncovering hidden objectives which could be hidden by design rather than by ignorance, 
therefore guiding information collection, alternative evaluation, improved 
communications within organizations through the involvement of stakeholders, guiding 
strategic thinking and interconnecting decisions (Alexander et al. 2014; Graves 2013; 
Keeney 1996). Consequently, it is apparent that SSCM theory building could be further 
enhanced through the utilization of Keeney’s VFT (Alexander et al. 2014) along with the 
various methodological approaches, which would strengthen the research and facilitate 
theorization and field progression. According to Ralf Keeney, the decision making 
framework is structured as per the following diagram. 
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Figure 22 – Decision-making framework  
Source: (Keeney 1996) 
 
Thus, the decision context outlines the set of alternatives available to the decision 
maker, accompanied by the fundamental objectives which aim to clarify what 
consequences of the decision are important to drive the process. These necessitate the 
explicit and consistent strategic objectives, which guide and streamline the objective 
determination for the limited contexts through identifying the means and ends. The 
procedural steps for VFT are as follows: 
Step 1 – Identify and structure objectives. There are several ways to identify the 
objectives such as a “wish list, problems & shortcomings, goals constraints & guidelines, 
different perspectives”(Keeney 1996, p.543) wherein the alternatives can be ranked and 
constraints discarded. Then the list should be separated into means and objectives, by 
asking: “why is this important?” 
 If the answer is because it promotes another objective, then it is a mean. 
 If the answer is because of its importance or its strategic value, then it is an 
end.  
Step 2 – Create a list of Fundamental Objectives and networks of means-ends 
objectives, with objectives having to be essential and controllable. This helps clarify 
the objectives as well as identifying how the alternatives might affect the objectives. 
Step 3 – Construct attributes to identify how well an objective is achieved, acting as 
a measurement, which plays an important role. 
Decision‐making 
framework
Decision Context
(appropriate 
alternatives)
Fundamental Objectives
(consequences driving 
decisions)
Means
Ends
90 
 
Step 4 – Apply the standard tools of Decision Analysis and conduct unit conversion 
in tradeoffs between outcomes. If the tradeoff conversion is difficult to ascertain 
between fundamental objectives, this suggests that they are poorly articulated and 
need better clarification. 
Step 5 – Uncover any hidden objectives, as some may be counterproductive for public 
discussions and are thus hidden by design or ignorance. Thus, they must be clarified 
and separated. 
Step 6 – Create alternatives for the decision maker, preferably alternatives that are 
novel and superior. These could either maximize pairwise combinations of objectives 
or individual objectives collectively, reaching a general solution. 
Step 7 – Create alternatives for multiple decision makers. This requires the elicitation 
of values that please the stakeholders and demanding creative ones, through a policy 
of honesty and private preferences that are later explicitly aggregated 
Step 8 – Identify that new alternatives and new decision opportunities complement 
one another. 
Thus, VFT contributes to decision making by guiding information collection, 
evaluating alternatives, interconnecting decisions and improving communication through 
facilitating the involvement of multiple stakeholders and guiding their strategic thinking. 
However, VFT identifies the relationships and weights of KPIs based on individual values 
independently, while being limited in establishing the interrelationships and weights 
therein. To identify the interrelated weights, a more robust and structured approach is 
required. One such approach is FAHP, which will be further discussed in the following 
subsection. 
  Fuzzy Analytical Hierarchical Process (FAHP) 
AHP was developed by Saaty (1980) and aims to systematically combine the 
perspectives and opinions of experts (Belton & Stewart 2002) accompanied by the results 
of the scores for their evaluation of the different criteria, all into “a simple elementary 
hierarchy system” (Ayhan 2013, p.12) that helps break down the problems into 
hierarchical layers (Mangla et al. 2015), which are subsequently evaluated by pairwise 
comparisons (Chorfi et al. 2015; Handfield et al. 2002). AHP concerns the weighting of 
options to reveal the significance of different choices (Alexander et al. 2014; Liu et al. 
2013), operating on a Likert-scale that has been assessed as insufficient to assess 
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uncertainty, yet is perceived as a tool managers utilise in the assessment and evaluation 
of decision criterion based on judgement and prioritization (Mangla et al. 2015). AHP has 
been selected due to its hierarchical nature accompanied by pairwise comparisons which 
benefits from providing an overarching holistic evaluation for the matters at hand. 
Furthermore, AHP benefits from the utilisation of natural and constructed scales, wherein 
the constructed scales are hinged on qualitative metrics for criteria evaluation (Belton & 
Stewart 2002). However, by embedding the theory of “Fuzziness” to the AHP, as a 
universal approximator (Ross 2010), it becomes possible to use linguistic variables for 
evaluation, approximating the behaviour of systems, which did not exist within the realms 
of AHP, and thus could not accommodate personal judgements (Saghafian & Hejazi 
2005) or uncertainty that play an important role in the decision making context (Kilincci 
& Onal 2011; Javanbarg et al. 2012). Fuzziness refers to events that are indistinct or lack 
clarity, while chance merely outlines the uncertain probability of the event transpiring 
(Ross 2010, p.17). Thus referring to decisions wherein a clear (crisp) 0 or 1 are 
insufficient in expressing the relationships (Dubey, et al. 2015). According to Ross (2010), 
Fuzzy systems are useful in two general contexts;  
“(1) In situations involving highly complex systems whose behaviors are not well 
understood 
 (2) In situations where an approximate but fast solution is warranted” 
(Ross 2010, p.8) 
Although many would argue that the incorporation of Fuzziness into the AHP would add 
value to it and render the information more “realistic”, the counterargument that exists 
posits that the utilization of the Fuzziness would increase the complexity of the process 
only to yield the exact same results as those acquired through AHP in the first instance. 
Accordingly, the utilization of Fuzziness was foregone to simplify the process and 
capitalize on the results acquired. Subsequently, the following procedures and steps 
outline the process and results yielded.  
Upon accumulation of the electronic results of the survey with the experts’ 
responses, the AHP section/s of the survey were grouped together for analysis. The 
analysis was conducted in Microsoft Excel using the AHP spreadsheet that is available 
online from Business Performance Management Singapore on www.bpmsg.com and 
created by Klaus D. Goepel. The analysis was based on the Linear calculation wherein c 
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= x. Results of the comparative pairwise matrices were translated into numerical values 
as corresponding to the following interpretive matrix (Table 20). It is noteworthy that this 
interpretation was utilized in order to simplify the presented survey interface for the 
respondents, which entails a slider that could be moved between the KPIL and KPIR.  
Table 20 – Interpretive matrix for AHP values 
Rank Meaning Numerical Value 
L >>> R Left KPI is absolutely more important than Right KPI 9 
L >> R Left KPI is strongly more important than Right KPI 7 
L > R Left KPI is more important than the Right KPI 5 
L ≥ R 
Left KPI is equal to or of slightly 
greater importance than Right 
KPI 
3 
L=R Left KPI equals Right KPI in importance 1 
L≤ R 
Right KPI is equal to or of 
slightly greater importance than 
Left KPI 
3 
L < R Right KPI is more important than the Right KPI 5 
L << R Right KPI is strongly more important than Left KPI 7 
L <<< R Right KPI is absolutely more important than Left KPI 9 
 
After the pooling of the fuzzy ratings from the decision maker responses, the final 
decision matrix can be converted into a weighted normalized fuzzy decision matrix 
(Saghafian & Hejazi 2005). Once the values were translated, the priorities p were then 
calculated using the Row Geometric Mean (RGMM) method, in the calculation for the 
pairwise NxN comparison matrix with A=KPILR in the computation for the vector of 
criteria weights, and N equating the number of evaluation criteria to be considered in each 
iteration, wherein the number of iterations equates to ௡ሺ௡ିଵሻଶ  of pairwise comparisons 
conducted for each matrix, represented as follows: 
ܣ ൌ 	ቐ
1 ܭܲܫ௅భோమ ܭܲܫ௅భோ೙
ܭܲܫோభ௅మ 1 ܭܲܫ௅మோ೙ܭܲܫோభ௅೙ ܭܲܫோమ௅೙ 1
ቑ 
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It is imperative to note that the diagonal with values 1 represents the self-interaction of 
each KPI. Thus, KPILR = 1, where L=R, L, R = 1,2…. n. Meanwhile, the left and right 
sides of the diagonal represent the strengths of the relationship and the importance of the 
KPIs through comparing the Lth element to the Rth element. Subsequently, KPILR = ଵ௄௉ூೃಽ, 
such that KPILR>0 and L≠R, wherein each KPILR represents the Left KPI relative to the 
Right KPI, according to the interpretive matrix. Accordingly, the following is calculated: 
ݎ௅ ൌ exp ൥1ܰ෍ lnሺܭܲܫ௅ோሻ
ே
ோୀଵ
൩ ൌ൭ෑܭܲܫ௅ோ
ே
ோୀଵ
൱
ଵ ேൗ
 
Subsequently, the results are normalized through the following formula to generate the 
matrix Anorm, equating the sum of entries in each column to 1: 
݌௅ ൌ ݎ௅. ݈෍ݎ௅
ே
௅ୀଵ
 
This is with each entry: 
KPIതതതതത௅ோ ൌ 	 ܭܲܫ௅ோ∑ ܭܲܫ௅ோ௡௅ୀଵ  
The subsequent step is the evaluation of the pair-wise comparison to ensure consistency 
across the analytical evaluation of the importance of each of the KPIs. Upon calculating 
and summing the weighted values for the importance weights of each KPI, let C denote 
an n-dimensional column vector, such that: 
C ൌ 	 ሾܿ௅ሿ௡	௫	ଵ ൌ ܣ	 ∙ ்ܹ, L = 1,2, …, n 
where: 
ܣ	 ∙ ்ܹ ൌ 	ቐ
1 ܭܲܫ௅భோమ ܭܲܫ௅భோ೙ܭܲܫோభ௅మ 1 ܭܲܫ௅మோ೙ܭܲܫோభ௅೙ ܭܲܫோమ௅೙ 1
ቑ	 ∙ 	 ሾݓଵݓଶ ⋯ݓ௡ሿ் 
ൌ	
ۏێ
ێێ
ۍܿଵܿଶ⋮⋮
ܿ௡ے
ۑۑ
ۑې , 
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This leads to the consistency values for clustered KPI weightages, as identified according 
to the responses to each of the survey questions, and which can be represented by the 
vector CV = ሾܿݒ௅ሿଵ	௫	௡ such that the element cvi can be further clarified through: 
ܿݒ௅ ൌ 	 ௖ಽ௪ಽ , L= 1,2, …, n 
It was imperative to account for any inconsistencies that presented themselves as these 
would lead to intransitivity situations arising which would invalidate the responses: 
max	ሺ௅ோ ൌ 	ܽ௅ோ 	௣ೃ௣ಽ) 
As per Kilincci & Onal (2011), the subsequent stage is the determination of weights, 
which are identified from the judgement matrix using the eigenvector method. Thus, the 
inconsistencies are identified through the eigenvalue max ૃmax as identified by Saaty 
(1980) and which can be calculated by: 
ૃmax ൌ 	 ∑ ܿݒܮ݊ܮൌ1݊ , L = 1,2,….n 
Accordingly, Consistency Index (CI) is calculated through λmax of the principal 
eigenvalues derived from the RGMM priority eigenvectors for each respondent, as 
follows: 
CI ൌ 	 ሺૃ୫ୟ୶ െ Nሻ	N െ 1  
It is noteworthy that if the value of CI equates to 0, consistency is thus implied, with the 
consistency values increasing as the maximal eigenvalue gets closer to the value of n. 
Leading to the calculation of the Consistency Ratio (CR), which is used as a guide for 
consistency confirmation, established through dividing CI by the average Random Index 
(RI), which is identified from various orders across the pair-wise matrices. 
ܥܴ ൌ	 ܥܫܴܫ 
Subsequently, the Alonson/Lamata linear fit (Alonso & Lamata 2006) was utilised in 
order to acquire a final CR: 
ܥܴ ൌ 	 ૃ௠௔௫ െ ܰ	2.7699ܰ െ 4.3513 െ ܰ 
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Finally, the results for all the participants were collectively aggregated into a 
“consolidated Decision Matrix” for each participant (k) using their individual Weights 
(wk) which were separated into different MS Excel sheets within the Excel workbook. 
The Consolidation (c) formula used to aggregate the results into the summary sheet is: 
ܿ௅ோ ൌ ݁ݔ݌
∑ ݓ௞ 	ln ܽ௅ோሺ௞ሻே௞ୀଵ
∑ ݓ௞ே௞ୀଵ  
However, it is insufficient to merely showcase the aggregated consolidated results, as the 
degree of consensus amongst the participants (k), which ranges from 0% (no consensus 
between decision makers) to 100% (full consensus between decision makers), plays an 
important role within the AHP structure. Accordingly, the consensus is calculated in the 
summary sheet using RGMM results of all the decision makers (respondents) and hinged 
on the Shannon Alpha and beta entropy calculations (Goepel 2013). 
The AHP consensus indicator was calculated according to the following formulae, while 
noting that ܪ	,	, is the  ,  ,  Shannon entropy for the identified priorities for all the 
participants (k): 
ܵ∗ ൌ 	
ቈܯ െ expሺܪ	୫୧୬ሻexp൫ܪ	௠௔௫൯ ቉
ቈ1 െ expሺܪ	୫୧୬ሻexp൫ܪ	௠௔௫൯ ቉
 
subject to: 
ܯ ൌ	 1exp	ሺܪሻ 
The following are the formulae for the Shannon Alpha, Gamma and Beta Entropies 
respectively: 
 
ܪ ൌ	 1ܭ	෍෍െ	݌௅ோ 	ln ݌௅ோ
ே
௅ୀଵ
௄
ோୀଵ
 
ܪ ൌ	෍െ݌̅ோ ln ݌̅ோ
௄
ோୀଵ
 
s.t.: ݌̅ோ ൌ 	 ଵே	∑ ݌௅ோே௅ୀଵ  
ܪఉ ൌ 	ܪఊ െ ܪఈ 
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The final step is the adjustment for the maximum score ܿ௠௔௫	for the AHP scale utilised 
as well as: 
ܪఈ	௠௜௡	 ൌ 	െ ܿ௠௔௫ܰ ൅ ܿ௠௔௫ െ 1	lnሺ
ܿ௠௔௫
ܰ ൅ ܿ௠௔௫ െ 1ሻ െ ሺܰ
െ 1ሻ 1ܰ ൅ ܿ௠௔௫ െ 1 ln
1
ܰ ൅ ܿ௠௔௫ െ 1 
ܪఊ	௠௔௫ ൌ ሺܰ െ ܭሻሺെ 1ܿ௠௔௫ ൅ ܰ െ 1ሻ ln ൬
1
ܿ௠௔௫ ൅ ܰ െ 1൰
െ ൬ܭ ൅	ܿ௠௔௫ െ 1ܰ ൅ ܿ௠௔௫ െ 1൰ ln ൬
1
ܭ .
ܭ ൅ ܿ௠௔௫ െ 1
ܰ ൅ ܿ௠௔௫ െ 1൰ 
After identifying the weights of the various attributes and KPIs, it is imperative that the 
ways they interact and correlate with one another are identified. The most appropriate 
tool for this is the Interpretive Structural Modelling (ISM) approach (Mathiyazhagan et 
al. 2013; Rehman & Shrivastava 2011; Mandal & Deshmukh 1994). 
 
 Total Interpretive Structural Modelling (TISM) 
ISM is different methodology than the MCDA methodologies, which stems from 
the utilisation of Graph Theory to solve complex problems (Dubey, Gunasekaran, Wamba 
et al. 2015). ISM is a learning process, which operates on the premise of identifying and 
organizing the contextual relationship and interactions (Mangla et al. 2015). ISM 
transforms the data, which are related to parental topics – as well as data across the 
network of subordinates – into a comprehensive and visibly well-defined model (Dubey, 
Gunasekaran, Wamba et al. 2015; Mathiyazhagan et al. 2013). ISM was originally 
developed for the simplification of complex situations, acting as a communication tool 
which transforms systematic models from lacking clarity into well-defined ones (Diabat 
& Govindan 2011). Not only this, but ISM also combines a course of action for resolving 
problems (Gorvett & Liu 2007), and presenting a “cause and effect diagram” (Dubey, 
Gunasekaran, Wamba et al. 2015, p.1690). This acts as a tool to assist with sorting and 
adding new information to the process (Attri, et al. 2013).  
ISM as an approach has been critiqued for lack of validity and reliability, due to 
the diverse variety of opinions acquired (Dubey, Gunasekaran, Wamba et al. 2015; 
Mathiyazhagan et al. 2013; Mudgal & Shankar 2010; Ravi & Shankar 2005; Mandal & 
Deshmukh 1994). However, renowned for its utilisation in identifying relationships 
amongst parameters (Mandal & Deshmukh 1994), it was deemed the most appropriate 
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methodology to be implemented within this research, which aims to identify how the KPIs 
are interrelated with each other (Luthra et al. 2011). The increase in the number of 
variables is directly proportional to the complexity of the model, as well as its 
overreliance on “human perception,” which can hinder its interpretation. Sushil (2012) 
highlighted that ISM has several advantages wherein it simplifies complex systems while 
providing clear interpretation through structuration and modelling (Kannan et al. 2008). 
However, it has its limitation in establishing link causality and partial interpretation 
leading to facilitation of interpretive bias. Several authors have used TISM to overcome 
this limitation (Dubey, Gunasekaran, Wamba et al. 2015). Thus, TISM is used to 
overcome the limitation of ISM and to provide a realistically applicable model that 
extends beyond nodal interpretation, to incorporate the links and showcase relationships.  
With the aim of developing a TISM model based on industry and academia 
(Dubey, Gunasekaran, Wamba et al. 2015) to showcase the complex relationships 
amongst KPIs, the following steps are important: 
i. Elements Listing 
 
Based on the accumulation of KPIs from both literature and practice, the elements are 
identified and outlined as XLR where X represents each KPI and LR represents the 
relationship between two KPIs (commonly known as factors in ISM literature). L 
represents items on the Left of the matrix in the survey and R represents items on the 
Right of the matrix (please see Appendix B and Appendix D). To further assess the 
direction of the contextual relationship between any two KPIs, the following table 
represents the relationship representation variables: 
Table 21 – Table of factor relationships and symbols 
Symbol Relationship Direction Meaning 
P = Positive L  R Denoting a relationship  
from left (L) to right (R) 
N = Negative L  R Denoting a relationship  
from right (R) to left (L) 
E = Equal L  R Denoting a relationship that is 
omnidirectional (in both directions) 
O = Zero L | R Denoting that no relationship exists 
between the factors (KPIs) 
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ii. Reachability (Structural Self-Interaction) Matrix development 
 
Based on the identified contextual relationships between the KPIs, the next step is to 
convert relationship values and symbols into structural self-interaction matrix (Dubey, 
Gunasekaran, Wamba et al. 2015). This is through the conversion of the four symbols of 
P,N,E, and O (Positive, Negative, Equal and Omitted) into numerical values of 1s and 0s, 
according to the following table: 
Table 22 – Table of reachability matrix substitutions 
Symbol Relationship 
Direction 
L-R 
value 
R-L 
Value 
P  L  R 1 0 
N L  R 0 1 
E L  R 1 1 
O L | R 0 0 
 
As can be seen from Table 22, if the value in the structural self-interaction matrix is P, 
then the L-R value is 1 and consequently the R-L value is 0, showcasing that the Left KPI 
has a stronger influence. If the entry is N, then the L-R value becomes 0 and the R-L value 
becomes 1, showcasing that the Right KPI has a stronger influence. If the entry is N, then 
the values for both L-R and R-L becomes 1, to represent that both are of equal strength, 
and finally, if the value is O, then both L-R and R-L are given a value of 0 to showcase 
that no relationship exists. The initial reachability (structural self-interaction) matrix is 
thus prepared and adjusted accordingly. 
iii. Reachability Matrix and Transitivity Test 
While finalizing the reachability matrix, any transitivity that presents itself, based on the 
opinions accumulated, is given a value of 1*. Thus, any gaps within the matrix are filled 
and the final reachability matrix can be acquired. It is imperative to note that should the 
transitive properties fail to be satisfied, such as when the comparison matrix eigenvalue 
far exceeds the number (N) of variables, significant inconsistencies arise. 
iv. Reachability Matrix is utilized in regrouping variables 
Upon acquiring the final reachability matrix, the Reachability and Antecedent sets for 
each KPI are derived. The first identifies the set of KPIs that affect a certain KPI, while 
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the latter identifies the set of KPIs that are affected by a certain KPI. Subsequently, 
intersection points of KPIs are identified and assessed and those that have similar values 
for reachability and intersection sets acquire the highest hierarchical level within the 
Interpretive Structural Matrix hierarchy. The identification of KPIs in a high level, 
removes them from consideration and the following level KPIs are then identified, and so 
on until all KPIs are placed within a level on the hierarchy, facilitating the development 
of the Interpretive Structural Model (ISM) diagram (Attri, et al. 2013), which shows how 
each of the KPIs interact with one another.  
v. Canonical Matrix 
After the hierarchical levelling of the KPIs is completed, the KPIs in the same levels 
across the rows and columns are clustered together. Then each KPI’s drive and 
dependence powers are calculated. The Drive Power for each KPI is calculated by 
summing the number of 1s in its rows and the Dependence Power is calculated by 
summing the number of ones in the columns. These are then ranked per the strength of 
their Dependence and Drive powers 
vi. Structuration of graph between variables 
Through the generation of links, nodes and edges from the canonical and reachability 
matrices, a visual graph which represents the KPIs and their interdependencies is 
generated. The graph is organized such that top level KPIs are positioned at the top of the 
diagram and then followed by each of its subsequent level KPIs, until the lowest level 
KPIs are placed at the bottom of the diagram. 
vii. TISM Model is checked for conceptual inconsistencies and modified 
accordingly 
The final step is to ensure that no conceptual inconsistencies present themselves and if 
any do, it is important that they are modified accordingly.  
Upon completion of the VFT, FAHP and TISM, the next step is to identify which 
combination of performance scores for each of the identified most influential KPIs would 
be the most suitable for SSCM implementation. The approach identified for this is 
through the implementation of Technique of Order Preference by Similarity to Ideal 
Solution (TOPSIS), which will be discussed further in the following sub-section. 
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 Fuzzy Technique of Order Priority by Similarity to Ideal Solution (FTOPSIS) 
Hwang and Yoon (1981) identified FTOPSIS as an MCDA approach which is 
hinged on the premise that the chosen alternative must be the closest one to the ideal 
solution; Positive Ideal Solution (PIS), while being the farthest one from the worst 
possible solution, or the negative ideal solution (NIS) (Roszkowska & Kacprzak 2016; 
Saghafian & Hejazi 2005). Thus, the solution provided should not only have a physical 
distance that is of proximity to the ideal solution, but should also have the farthest distance 
from the worst possible solution. The structure of this approach is hinged on several 
formulae which are utilised in the comparative tabulation of the results to aid in 
identifying the “ideal” solution/s. This approach has been utilised across the breadth of 
the supply chain and sustainability domains, however, the utilisation revolved primarily 
around either supplier selection (Freeman & Chen 2015; Govindan et al. 2015; Hussain 
et al. 2016; Chai et al. 2013; Lee et al. 2012; Shen et al. 2013), combination of product 
components selection (Tseng & Chiu 2013; Lin et al. 2008), or various other decisions 
that offset alternatives with various criteria against one another (Jabbour 2015; 
Mathiyazhagan et al. 2013) in an endeavour to select the ideal option. However, very little 
research has strived to utilise FTOPSIS approach to identify the ideal combination of 
organizational performance rankings across various KPIs. This research gap provides an 
opportunity for the application of FTOPSIS which this section shall strive to discuss, 
especially with a tool that has an intuitive approach outlined within the simplicity of its 
implementation, when compared to other methods (Chorfi et al. 2015). However, one of 
the drawbacks of FTOPSIS application is the difficulty in weighting attributes, especially 
with the vagueness that is often associated with “human judgements”. As previously 
mentioned, the application of Fuzzy concepts will aid in resolving this ambiguity and 
facilitating the calculations using “crisp” data and numbers rather than merely linguistic 
variables (Saghafian & Hejazi 2005).  
The equations underpinning TOPSIS method are hinged on a five-step process. 
This is helpful in a manner that facilitates the identification of the ideal solution, which is 
compounded through the utilization of the best performance values and weights in a 
decision matrix, correlated with the highlighted best alternative for each attribute. 
Subsequently, the proximity of this combined result to the best and worst results through 
the square rooting of the sum of the squared distances along each axis. Thus, yielding the 
best and worst solutions, the distance between them and the relative proximity of the ideal 
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solution to either of these polar aspects is outlined.  The first step is the identification of 
the alternatives and performance values, which will be utilized based on the output of 
weights as aforementioned from AHP. These performance metrics are subsequently 
normalized and through this normalization, the scores are weighted and the distances to 
ideal and worst points are calculated, and the closeness is given accordingly.  
Thus the first equation required is that for normalization of the values, as such, 
the following formulae is necessary, as was highlighted by Hwang and Yoon (1981) and 
also by Ishizaka and Nemery (2013). Assuming that the performances ratings of n 
alternatives a with respect to the KPI criteria i are combined in a decision matrix X = 
(xia ); such that i= 1,…. KPI, and a=1, …, n. Subsequently, the normalization through 
square rooting the sum of each squared element in a column is identified as follows: 
ݎ௜௔ ൌ ௫೔ೌට∑ ௫೔మೌ೙ೌసభ
 for a=, … n  and  i =1,…m. 
Subsequently, the maximization of the normalization requires dividing the 
performance value by the highest value per column, while minimization requires dividing 
the performance values by the lowest value in each column. These are further outlined 
through the following equations: 
ݎ௔௜ ൌ 	 ௫ೌ೔௨శೌ  for a=1, … n  and  i = 1, … m 
Where ݑ௔ା ൌ maxሺݔ௔௜ሻ for all a = 1, … n 
ݎ௔௜ ൌ 	 ௫ೌ೔௨షೌ  for a = 1, … n and i = 1, … m 
Where ݑ௔ି ൌ minሺݔ௔௜ሻ for all a = 1, … n 
Upon calculating the respective weightages, the next step is the calculation of the 
weighted normalized matrix, which is done through: 
௔ܸ௜ ൌ 	ݓ௜ 	 ∙ 	 ݎ௔௜ 
wherein wi represents the respective weightage corresponding to each of the normalized 
scores. Having developed the matrix, the weighted responses will be compared to the 
ideal and worst scenarios which are both identified as follows; ܣା ൌ ሺݒଵା ⋯	ݒ௠ାሻ for the 
ideal solution, while for the worst solution the equation required is; ܣି ൌ ሺݒଵି ⋯	ݒ௠ିሻ, 
such that ݒ௜ା ൌ 	݉ܽݔ௔ሺݒ௔௜ሻ  for maximizing criterion i, however when i is to be 
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minimized ݒ௜ି ൌ 	݉݅݊௔ሺݒ௔௜ሻ. It is imperative to note that although the ideal and worst 
points are at the discretion of the decision maker, they must reside within the calculated 
boundaries.  
Subsequent to the identification of the ideal and worst points, the distance from 
the decision point to each of them needs to be measured. When measuring the Euclidean 
distance (L2) to the ideal point, the following equation is necessary:  
݀௔ା ൌ 	ඥ∑ ሺݒ௜ା െ	ݒ௔௜ሻଶ௜  , a = 1, … m 
However, when measuring the distance to the worst point, the following equation is 
required: 
݀௔ି ൌ 	ඥ∑ ሺݒ௜ି െ	ݒ௔௜ሻଶ௜ , a = 1, … m 
Finally, the relative closeness coefficient for each point is between 0 and 1, with 1 
equating to the ideal or preferred point, and 0 equating to worst point and is calculated 
by; 
ܥ௔ ൌ 	 ݀௔ି݀௔ା ൅	݀௔ି  
Subsequently, the preferences would be ranked per their respective distance from the 
“positive” ideal solution and their distance from the worst, or “negative” ideal solution, 
thus rendering a result in the form of a combination of performance scores which would 
be closest to the PIS and furthest from the NIS. This combination could subsequently 
inform decision makers whether their SSCM is performing as their counterparts, or 
whether they are focusing on the wrong (less influential) KPIs. 
 
3.3.3. MCDA Application Research Gap 
Overall, it can be observed that much research has been conducted utilizing MCDA and 
various combinations of the methodologies within this overarching term. However, most 
of these methods are used to solve problems wherein various viable solutions exist, such 
as shipping port selection, product design, supplier selection …etc. It is thus evident that 
there is a limitation in utilizing MCDA for assessing KPIs and their significant weights 
within the context of sustainability. One of the most recent studies using a similar 
approach is the one by Chorfi et al. (2015), wherein they adopted MCDA to identify KPI 
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selection for organizations. Having accumulated the weightages of the KPIs and modelled 
their interrelationships, the next section will utilize these weightages and priorities in the 
development of the backbone of a Decision Support System (DSS) which will be used as 
an SSCM assessment tool.  
 
3.4. Description of SSCM Assessment tool 
Stemming from the previous sections within this research, the literature has been 
assessed using SLNA and the corporate reports have been evaluated using Text Mining. 
The results were then utilized for the development of the MCDA wherein the most 
important theories, KPIs and Metrics were given appropriate weightages through a survey. 
The resulting weights shall be utilized in this section to establish the backbone for the 
assessment tool which organizations can use to further their sustainability activities. As 
has been previously mentioned within the literature review (chapter 2), the 
implementation of SSCM is an iterative decision-making process. As such, to further 
develop an organization’s SCM and progress it towards SSCM, it is important to 
accommodate the decisions that would need to be made. To that end, the utilization of a 
Decision Support System (DSS) which would evaluate the organizational performance 
and support the decision-making process would be required. 
3.4.1. Introduction to DSS 
A Decision Support System (DSS) has been referred to as a system that utilises and aids 
logical reasoning (Liu et al. 2014), alongside the facilitation of a decision without the 
ability to automate it (Lepreux et al. 2004). It may either present the information to the 
decision maker in a graphical form, utilise Artificial Intelligence (AI) or even be aimed 
at various levels of decision making within the organization. Organizations are constantly 
striving to update their knowledge databases as they endeavour to compete within the 
global marketplace (Oyemomi et al. 2016). As the decision maker within the organization, 
it is important to ensure that the appropriate constructs are filtered throughout the 
organization, to provide a culture that nurtures the transition to SSCM. As was quoted by 
Lynn A. Isabella: 
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“As the decision maker, you move your decision to 
those people closest around you and expect them to be 
the prophets of that message, and then that goes, and 
you know the further you cascade that down into the 
organization, the more it becomes diluted. And, the 
more the background is lost, the more the rationale, the 
more the meaning of it all is lost…unless there’s a 
sense of history that has been retained in the 
translation” 
(Isabella 1990, p.35) 
Business processes strive to identify the best viable outcome, through logical 
reasoning and assessment (Ackerman 1996). However, their amalgamation with 
knowledge across the operational factors of the organization is quite a complex process 
(Oyemomi et al. 2016). Since “structure follows strategy” as was outlined by Chandler 
(1962), utilising a DSS, which plays an important role in organizational management, in 
order to facilitate organizational strategic direction, is a key step in decision making. An 
example, as outlined by Krause (1998), identified the importance of support and feedback 
across the organization to improve vendor performance. Liu et al. (2013) have identified 
the number of difficulties that surround sustainability decision making within an 
organization’s supply chain. Meanwhile, Ackerman (1996) has identified that business 
processes are composed of logical activities interrelated for the purpose of accomplishing 
improved performance. The accomplishment of which makes it important to have a clear 
understanding of the organization’s performance objectives.  
On that topic, organizational performance and its measurement have been vastly 
covered in the literature, especially pertaining to its internalization and the benefits of its 
utilisation (Oyemomi et al. 2016; Paolo Taticchi et al. 2013; Chunguang Bai et al. 2012; 
Olugu et al. 2011; Chunguang Bai et al. 2010; Zongcheng Yin & Xiangyang Ren 2009; 
Gunasekaran et al. 2004; Lai et al. 2002; Gunasekaran et al. 2001). These researchers 
utilise internal KPIs or Indicators to assess organizational performance, or benchmark 
against various criteria. However, Noci (1997) established from literature the 
identification of metrics, based upon which an effective methodology for vendor selection 
was outlined. On the other hand, Linton (2007) endeavoured to develop an instrument to 
aid in the improvement of firm profit through the greening of the supply chain. 
Additionally, Genovese et al. (2014) developed an environmental green supply chain 
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performance measurement framework, and Deshmukh (2013) developed a decision 
support tool to further develop and restructure the selection and evaluation process of 
green suppliers through the integration of environmental criteria.  
DSS provides several various advantages such as yielding a competitive 
advantage, facilitating communication across the organization, enhancing effectiveness 
and an overarching reduced decision cycle time (DSS blogspot 2010; Power n.d.). 
Numerous variations of computerized information systems that aid managers in decision 
making have been developed, some hinged on organizational failures, some on 
performance measurement, while others striving to simplify the decision process while 
striving to integrate all the various stakeholders and parties involved or affected by the 
decision outcomes. However, that being said, Oyemomi et al. (2016) have outlined that 
as organizations strive to achieve success across their complex processes, a range of 
factors work collectively to uncover elements leading to success and new business 
process development, which organizations can use for regular performance evaluation. 
Furthermore, a major pillar in the accomplishment of this is commitment of management 
and their support, as well as developing into a continuous learning organization, leading 
to an effective and efficient system implementation (Power 2009).  
 
3.4.2. DSS Methods: a review 
DSS have been employed within numerous avenues across the breadth of SCM. 
Examples of this exist within the inventory management systems, decisions for supplier 
selections, sales data analysis and evaluation, and organizational strategization wherein 
numerous factors are taken into consideration, especially where decision makers are 
focused primarily on organizational objectives and processes (Knott 2008). It has also 
been utilized within the identification of key knowledge determinants across a breadth of 
topics and decisions to be made. With an overarching objective of facilitating SSCM 
implementation and guidance within organizations, the DSS is structured and established 
(Vezzoli et al. 2015), combining the KPIs identified from literature and practice, which 
were subsequently weighted by experts from around the world through MCDA thus, 
leading to a system hinged on a ranked list of strategic priorities for DSS utilization to 
facilitate SSCM implementation and strategisation.  
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As mentioned by Alexander et al. 
(2011), and as shown in Figure 23, the 
SSCM decision context lies within the 
sense-making of the managers regarding 
the structured and unstructured contexts of 
the SSCM decision. As such, the decision 
outputs need to consider behavioural and 
rational approaches, amalgamating the 
governance and operational elements of 
the organization in its assessment and 
implementation of SSCM. 
 
 
Furthermore, as per the Supply Chain Operations Reference (SCOR) Model (Supply 
Chain Council (SCOR) 2008), the process starts with capturing the current state of the 
organization; subsequently the performance of other organizations are quantified, and 
then a benchmark is developed which the organization can measure itself against, while 
identifying and characterizing the best practices and procedures to attain them. Thus, in 
adopting this approach, and as was outlined by Lepreux et al. (2004), the DSS 
implementation involves four key stages: 
 Stage 1 – Analysis of the problem 
In this stage, the problem would be outlined and its sub-contents established. This 
would be based on the results acquired from the previous sections, based on the SLNA, 
Text Mining and MCDA. Accordingly, this includes the evaluation of the 
organization’s current SSCM performance levels, as outlined per the literature. This 
is the stage wherein the DSS is necessitated as a tool to evaluate the organization’s 
performance and provide guidance and direction. The problem is identified within the 
context of the organizations. 
 Stage 2 – Specification  
In stage 2, the technical specifications and requirements of the DSS are outlined and 
the steps to overcome the problem identified in stage 1. The expected outcomes of the 
Figure 23 – Relevance SSCM DSS 
Source: (Alexander et al. 2014) 
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DSS are outlined herein as a DSS that can aid managers in evaluating their supply 
chain’s sustainability and identify their problem areas. Handfield et al. (2005) outlined 
that this resembles the first three stages, of defining strategic and environmental 
importance of product, followed by the conduction of research, and ending with the 
development of a strategy. Furthermore, Fleisher & Bensoussan (2003) outline that 
the strategic planning techniques, of which DSS is one, should be future-oriented, 
accurate, resource-efficient, objective, useful and timely, all of which can be 
summarized in the acronym FAROUT. This would be established within this DSS 
through the incorporation of each of these aspects within the final product, which 
would be utilized through the design phase. Furthermore, as was outlined by Chorfi 
et al. (2015), organizational objectives need to be S.M.A.R.T.: 
 Specific 
 Measurable 
 Achievable 
 Realistic 
 Time-Bound 
Subsequently, a reliable approach is to hinge the DSS input metrics to a five-point 
Likert scale (Dawes, 2008). This would allow the decision-maker to assess their 
sustainability and make strategic decisions based on the outputs. This is further 
discussed in chapter 6. 
 Stage 3 – Design 
Subsequently, the system is designed and components integrated as per the 
specifications outlined and the aims specified. This is while being tested along the 
way for conformance to the objectives, as well as its validity and reliability.  
The design options vary per programming languages and software packages utilized, 
especially given the various options currently present within the marketplace.  
The design needs to cover the expectations and operate reliably within its back-engine, 
while providing an intuitive user-interface. This is further expanded in chapter 6. 
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 Stage 4 – Evaluation 
Finally, the DSS needs to be evaluated, feedback accumulated and modifications 
taken on board. Much literature has reviewed the importance of managerial support 
for successful incorporation of business processes and strategization (Oyemomi et al. 
2016), thus their input would be accumulated through the evaluation of the DSS. This 
evaluation would strive above mere implementation, to incorporate and accumulate 
feedback, while maintaining room for improvement on the system overall. This is also 
in line with what has been outlined by Handfield et al. (2005), wherein the final stages 
include results monitoring and the development of a step-by-step guide for DSS.  
 
3.4.3. DSS Application Research Gap 
One of the pressing issues is the lack of coverage for the impact and role that business 
processes play in the implementation of sustainability within organizations. Although a 
lot of literature has covered the focal areas, barriers and drivers for sustainability 
implementation, there is a lack of research which discusses the implementation of 
sustainability within organizations, considering the findings of both literature and practice. 
Furthermore, there exist several research gaps within this domain, namely the reality of 
the subjectivity of assessment of sustainability and its implementation across the supply 
chain, and the lack (and multitude) of benchmarking modules for sustainability 
implementation. These two add up to the need to establish a DSS that aims to alleviate 
the subjectivity of the assessment criterion, and establish an unprecedented foundation 
for the assessment of sustainability implementation in an organization’s supply chain. 
The steps mentioned before are in lieu of those mentioned in Figure 24, stemming from 
the evaluation of the organization to identify the problem areas, prioritization of the 
improvements needed and then the subsequent strategisation. The strategy formulation 
entails identifying the change agents in line with business objectives which tie in with the 
relevant importance of each KPI and identified problem area. The change is then planned, 
which would incorporate the SSCM implementation, and progress is monitored while 
supported by top-management, as outlined within the literature.  
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Figure 24 – DSS development and application process 
Combining the meta-swot approach presented by Agarwal et al. (2012), and the 
concepts presented by Lepreux et al. (2004) and Pawar & Driva (2000), the process 
presented in Figure 24 was developed. The process starts with the identification of the 
organization followed by assessment of the organization and identification of the 
problems therein, based on the internal and external analysis of the organization and its 
supply chain. This would be in lieu of the KPIs identified and prioritized by experts via 
MCDA. Based upon the identification of the key issues, the next step is designing the 
DSS and prioritizing the areas for improvement, in a manner that facilitates the 
organizations’ development of a strategy map to plan the change based on the evaluation 
of strategic fit. Subsequently the organization identifies the feasibility of the strategies 
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identified and makes an informed decision that is input into the implementation process. 
Meanwhile, a support culture for the implementation process is prepared, as the change 
strategies that had been identified and established are implemented. Lastly, the 
organization evaluates its performance and returns to the stage of organizational 
assessment.  
The implementation of a DSS within the organization requires the application of 
knowledge and its diffusion throughout the organization (Pawar & Driva 2000). Thus, it 
was only logical that the framework shown in Table 23 for consumption of management 
ideas be established as a pivotal element for DSS implementation to better facilitate 
understanding.  
 
Table 23 – Framework for management ideas consumption.  
Source adapted from: (Corbett-Etchevers & Mounoud 2011) 
Plots History (strategy) Stories (tactics) 
Ad
op
tio
n 
1. Policy:  
adopting ideas from the 
institutional environment. 
- Nurture & grow your 
assets 
- Don’t reinvent the wheel 
- Knowledge charter 
4. Practice as knowing:  
consuming policies & producing 
practice 
- Making sense of the 
policy in terms of 
identity 
- Working for the groups 
external image 
Us
e 
2. Procedures:  
management ideas in use 
- Principles of 
organization 
- From training to best 
practices and mandatory 
standards 
3. Practice as doing:  
consuming procedures & 
producing practice 
- Making do 
- Bricolage 
- Resistance 
 
This leads to the competitive map development, which would be presented within the 
DSS (chapter 6) as the company performance compared to benchmark levels. 
Subsequently, the internal and external analyses involve the organization evaluating its 
performance on the KPIs identified, and acknowledging problem areas and points for 
improvement. This leads to the strategisation, where the action points would be 
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prioritized per the relevant significance and importance for each KPI and problem area. 
Thus, guiding the organization through a DSS to evaluate and implement sustainability 
across their supply chain, i.e. SSCM. 
 
3.5. Summary 
In conclusion, the DSS section of this research presents itself as the ultimate objective, 
cultivating the KPIs accumulated from the Text Mining and Content Analysis of the 
corporate sustainability reports. This was combined with the results acquired from the 
SLNA of the literature. Subsequently, these results have been weighted through the 
utilization of the MCDA and through tapping into the expertise of consultants and experts 
from around the world. Using the weights identified, the DSS would be developed using 
an MS excel backbone and disseminated to organizations wherein the accumulated results 
would be assessed as a case-study to further assess its impact and accumulate feedback 
on its practicality. Having outlined the overall methodology to be utilized within this 
research, the next chapters outline the implementation of each of these methodologies, in 
realization of the research objectives outlined in chapter 1.  
Presenting an avenue for future research, and striving to further bridge the gap across 
literature and practice, it is important to further comprehend the underpinning principles 
for sustainability implementation within organizations and how it is communicated to key 
organizational stakeholders. However, having seen the SSCM interpretation from 
literature, it is important to understand how organizations understand SSCM and how 
they implement it, which will be discussed in the following chapter. 
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Chapter IV 
~ Extracting Industrial Perspectives of SSCM:  
a text & Content Analysis approach ~ 
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4.1. Introduction 
This chapter aims to present and discuss the understandings and interpretations of SSCM 
based on perspectives of manufacturing organizations, responding to research objective 
2 (RO2), through the identification and extraction of the most influential definitions, 
barriers, drivers and KPIs of SSCM from practice using text and Content Analysis 
approach. This chapter presents the following: 
- The rationale for collecting data (corporate reports) from a diverse set of companies (top 
and bottom listed companies) chosen from the Fortune 2000 global list. 
- The application of Text Mining and Content Analysis to extract keywords and themes 
used in the sustainability reports, as interpreted by the companies to highlight their 
sustainability initiatives. 
- The discussion of the understandings, interpretations and definitions of SSCM based on 
the practices reported and implemented by sample manufacturing companies.  
- The identification of the Key Performance Indicators outlined in the corporate reports, 
with a view to forming an understanding of how sustainability is implemented in practice. 
As per section 3.1, this section covers the application of and results acquired from Text 
Mining the sustainability reports of a selection of the top manufacturing organizations 
globally. As a methodological approach, this research has used eight steps of case 
research by Yin (2004) including: (1) Outlining the Research, (2) Case Selection & 
Identification, (3) Instrument & Protocol Crafting, (4) Entering the Field – Combination 
of Data Collection & Data Analysis, (5) Analysis of Data, (6) Hypotheses Shaping, (7) 
Enfolding Literature and (8) Theoretical Saturation, Closure and Contribution. All eight 
steps can be clustered into three main sections based on their relevance: (1) selection of 
organizations and their reports, (2) collection and preparation of reports, and (3) analysis 
of company reports. The following sections discuss these as a structure of this chapter. 
4.2. The Rationale for Selecting Organizations  
As proposed by Yin (2004), the first step of research is outlining the research 
objectives. The research objective that pertains to this section of the research revolves 
around how companies have presented and implemented their sustainability initiatives 
and what KPIs have been used in their sustainability reports.  
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The next step is the identification and selection of the cases that respond to the 
research objective(s) or contribute to the betterment of the field of knowledge (Patton & 
Appelbaum 2003). In this stage, the data collection is based on organizations as a whole, 
and could not be based on individual suppliers or specific manufacturing plants/facilities, 
due to the lack of publicly available information for each (Mollenkopf et al. 2010; Tate 
et al. 2010). Moreover, the sampling approach should strive to respond to the research 
objectives outlined. This is to facilitate the development of a structured coding template 
that can be utilized via collection of data, thus, leading to realistic descriptions of the 
organizations and their actions (Länsisalmi et al. 2004, p.243).  
 
On data collection and selection of companies, it is important to note that the data 
collection stage outlines the top multinational manufacturing companies for selection. 
The reason for choosing top multinational manufacturing companies is that they suffer 
more pressures from foreign stakeholders compared to local organizations (Testa & Iraldo 
2010). In addition, the selection of multinational organizations, which follows the 
approach proposed by Jose (2007), aims to overcome the geographical limitation of 
previous research (Lim 2011; Tate et al. 2010; Montabon et al. 2007) with a broader focus 
incorporating global companies. Among these top multinational companies, the selection 
of certain firms for this study cannot be random (Yin 1984), but is done purposefully, 
targeting and selecting cases that would benefit and progress the knowledge base (Patton 
2002; Jamali 2010) and responding to the research objective(s) and question of this 
research. Thus, following on from Pagell & Wu (2009) and Tate et al. (2010), selection 
is based on a combination of two factors. Firstly comes the review of the financial 
performance of the organizations, in order to be in line with the notion that financial 
performance is a good indicator of organizational competitiveness, which also links to 
environmental performance (Russo & Fouts 1997). The second factor is the perceived 
performance of the organization on a global scale. In order to accomplish this, 
identification and selection must be based on global positioning of organizations 
according to reputable and credible sources. One such source that has been identified is 
the Global 2000 list produced by Forbes, which outlines the top 2000 organizations 
worldwide based on a range of metrics (Chen 2015). Utilized by research such as Lacy et 
al., (2009) and Montabon et al., (2007), Forbes Global 2000 provides an annual online 
ranking for the top 2000 public companies worldwide since 2003, with the ranking being 
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based on the basis of total asset value, annual sales, annual profit, and current market 
value for the organization (Chen 2015). 
 
The third step is the crafting and outlining of the data collection methods, 
instruments and protocols (Bickman & Rog 2011; Eisenhardt 1989). This requires the 
completion of a literature review in order to validate the research and become familiar 
with existing approaches previously adopted and their findings (Patton & Appelbaum 
2003). After the literature review, it becomes apparent from several key articles (Ahi & 
Searcy 2015; M. Lo 2013; Soni & Kodali 2011; Vallet-Bellmunt et al. 2011; Kirkwood 
& Walton 2010; Tate et al. 2010; Fowler & Hope 2007; Jose & Lee 2007; Cerin 2002; 
Carley 1993) that Text Mining the corporate reports facilitates the realization of the 
research objectives associated with this chapter. Similar to research conducted by 
Montabon et al. (2007), the implementation of this aspect of the research (analysis of 
corporate reports) could not have been conducted as a survey or field interview due to the 
magnitude of the data and global scope of the research accompanied with limiting time 
constraints. Figure 25 outlines the methodological approach utilized for the assimilation 
of the corporate environmental reports, for the selected organizations from the Global 
2000 list (Forbes, 2014) as mentioned earlier. 
This selection of organizations starts with an online search for the top worldwide 
organizations for 2014. A total of 50 reports have been employed for this study, as per 
Figure 25 – Methodology for data collection 
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Montabon et al. (2007) who analyzed approximately 50 reports, the results were then 
correlated with the Fortune Global 500 and filtered for the top manufacturing 
organizations. In this filtration process, services organizations such as banks, insurance 
organizations, consultancies and technology service providers have been omitted. This is 
to limit the focus to organizations that have a process (manufacturing or production) that 
directly contributes to the pollution of the environment in one way or another, and which 
would necessitate the implementation of reported SSCM practices. After filtration, the 
remaining organizations were identified as organizations that advocate sustainability 
activities within their portfolio, and as such, all services businesses such as banks and 
telecommunications were omitted; both industries which dominate the top of such lists. 
This was done by accessing the website for each company and identifying its industry. It 
thus became apparent that of the top 50 organizations, only 20 were manufacturing 
organizations. As such, for the purposes of consistency, the manufacturing organizations 
identified from the 50 organizations at the bottom of the top 2000 list, were also filtered 
to approximately 20 organizations. This was to facilitate a comparison of sustainability 
practices, communication and implementation between companies perceived to be more 
successful and those that are not perceived to be as successful.  
 
In qualitative data, the triangulation of various methods is important in order to 
reach a point of data saturation (Wray & Manderson 2007), which satisfies the point of 
data validity, especially within a grounded theory approach (Fusch & Ness 2015; Randall 
et al. 2010). This point is reached through research rigour and is where no additional 
assessment would yield new insights (Randall et al. 2010; Bowen 2008). Having assessed 
the organizational reports, like previous literature that had adopted a similar approach, 
and identifying the ones appropriate for this research, 10 reports would have sufficed. 
However, the utilization of 20 allowed the coverage of a greater array of industries and 
the identification of a consistent degree of relationships between constructs. Therefore, 
increasing the number beyond 20 further facilitated the analysis of more industries, 
however, would not have yielded more knowledge than could be acquired from the 
current sample size without detracting from the purpose of this research, especially as a 
larger sample size does not necessarily facilitate data saturation or better research (Fusch 
& Ness 2015). This is further exemplified through the comparison between the top and 
bottom 20 organizations of the Global 2000 list presented herein.  
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The following table presents the organizations identified and used for this study. 
Information with regards to the origin of each firm, its sale values, profits, assets and 
market values for each are also included (all values are in Billions of US Dollars (USD)), 
as they are metrics used by Fortune to assess organization’s ranking. The organizations 
are enlisted based upon having values in each of the metrics that exceeds the minimum 
threshold: USD $ 4.04 Bn in sales, USD $250.9 Million in profits, USD $8.20 Bn in assets 
and a market value of USD $4.86 Bn. The organizations that exceed these boundaries are 
thus enlisted and sorted in descending order and given a separate score in each metric. 
Subsequently, each organization gets a consolidated score which is then used to rank the 
organization, yielding the Forbes Global 2000 rank for that year (Chen et al. 2014). As 
such, the subsequent Table 24 outlines the 20 manufacturing organizations within the 
highest 50 organizations of the Global 2000 list (Forbes 2015). 
 
Table 24 – Manufacturing companies from top 50 in Global 2000.  
Source: (Forbes 2014) (all values are in $ Bn) 
# 2014 
Rank 
Company Country Industry Sales Profits Asset
s 
Market 
Value 
1 7 Exxon Mobil USA Oil & Gas 376.2 32.5 349. 357.1 
2 8 PetroChina China Oil & Gas 333.4 17.4 387. 334.6 
3 9 General Electric USA Power 148.5 15.2 648. 253.5 
4 11 Toyota Motor Japan Automotive 252.2 19.1 389. 239 
5 12 Apple USA Technology 199.4 44.5 261. 741.8 
6 13 Royal Dutch Shell Netherlands Oil & Gas 420.4 14.9 353. 195.4 
7 14 Volkswagen Group Germany Automotive 268.5 14.4 425 126 
8 16 Chevron USA Energy 191.8 19.2 266 201 
9 18 Samsung S. Korea Technology 195.9 21.9 209. 199.4 
10 24 Sinopec China Oil & Gas 427.6 7.7 233. 121 
11 26 Daimler Germany Automotive 172.3 9.2 229. 103.3 
12 27 Gazprom Russia Oil & Gas 158 24.1 356 62.5 
13 30 Nestle Switzerland Food & 100.1 15.8 134. 247.3 
14 34 Johnson & USA Pharmaceutical 74.2 16.3 131. 275.7 
15 35 Total France Oil & Gas 211.4 4.2 229. 120.2 
16 36 Procter & Gamble USA FMCG 81.7 9.5 136. 224.3 
17 41 BP UK Oil & Gas  352.8 3.5 284. 120.8 
18 44 IBM USA Technology 93.4 12 117. 160.2 
19 45 BMW Group Germany Automotive 106.6 7.7 187. 81.4 
20 48 Pfizer USA Pharmaceutical 49.6 9.1 169. 211.7 
21 50 BHP Billiton Australia Mining 63.1 10 146. 119.5 
 
Meanwhile, Table 25 outlines the 20 manufacturing organizations within the lowest 50 
organizations of the Global 2000 list (Forbes 2015). 
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Table 25 – Manufacturing companies from lowest 50 in Global 2000.  
Source: (Forbes 2015) (all values are in $ Bn) 
# 2014 
Rank 
Company Countr
y 
Industry Sale
s 
Profi
ts 
Asse
ts 
Market 
Value 
1 1950 Foxconn Taiwan Technology 4.86 0.19 2.74 3.57 
2 1951 Polyus Gold Russia Mining 1.09 0.05 3.08 9.3 
3 1952 ACC India Cement 1.76 0.32 1.74 3.76 
4 1960 Pioneer Natural USA Oil & Gas 1.71 -0.05 8.87 5.45 
5 1960 Taiyo Nippon Japan Oil & Gas 5.09 0.17 5.38 3.71 
6 1965 Eldorado Gold Canada Mining 0.28 0.17 1.36 6.82 
7 1966 Aggreko UK Energy 1.65 0.27 1.8 4.23 
8 1968 Ube Industries Japan Chemicals 7.03 0.12 6.72 2.64 
9 1970 Agnico-Eagle Canada Mining 0.64 0.09 4.25 9.17 
10 1970 Nisshin Steel Japan steel 6.34 -0.26 7.21 1.86 
11 1970 Sealed Air USA Packaging 4.24 0.24 5.42 3.28 
12 1977 Semen Gresik Indonesia Cement 1.09 0.23 0.97 4.87 
13 1978 Qinghai Salt Lake China Chemicals 0.67 0.18 1.38 6.2 
14 1980 Shionogi & Co Japan Pharmaceuti 2.34 0.16 5.08 7.1 
15 1982 Kingboard Hong Chemicals 3.07 0.31 5.59 3.71 
16 1982 Sappi South Pulp & 6.25 -0.21 7.18 2.11 
17 1986 PT Bukit Asam Indonesia Mining 0.95 0.29 0.83 3.93 
18 1991 Assore South 
f
Mining 1.14 0.42 1.44 2.65 
19 1993 Sims Metal Mgmt Australia Metal 6.97 -0.12 3.02 3.59 
20 1994 Daelim Industrial S. Korea Engineering 6.26 0.09 7.11 2.14 
21 1998 Rheinmetall Germany Automotive 5.39 0.19 4.93 2.43 
22 2000 Vulcan Materials USA Construction 2.69 0.03 8.53 5.43 
 
The following is a pie chart showing the percentages of each industry in the above tables. 
As can be seen in the top 20, the “Oil & Gas” industry has the greater share in this ranking, 
followed by Technology and Automotive. Meanwhile, in the bottom 20, Mining has the 
highest share, followed by Chemicals. 
 
 
Figure 26 – Industrial composition of top 20 manufacturing organizations in Global 2000 
(Forbes, 2014) 
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Figure 27 – Industry composition for lowest 20 manufacturing organizations in 
Global 2000 (Forbes, 2014) 
 
It is interesting to note that the key industries for the lowest 20 manufacturing 
organizations are Mining and Chemicals, followed by construction, cement, oil and gas. 
This identifies either that the Mining and Chemical industries are so polluting that they 
struggle to be sustainable. Figure 28 shows the percentages of each nationality for the 
organizations identified as the top and bottom manufacturers from the Global 2000 by 
Forbes, for the year 2014. The USA has the highest population of leading manufacturing 
organizations with 40%, followed by Germany with 15%, China with 10%, and the rest 
of the countries with 5% each. Many factors could be at play here, such as the strictness 
of regulations, the size of the companies, and the accessibility to markets present to each 
organization’s domicile. Though an interesting facet of research, this would deviate from 
the purpose of this research. Thus, it is sufficient to merely acknowledge the leading 
countries at this stage.  
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Figure 28 – Nationality composition of top 20 manufacturing organizations in Global 2000 
(Forbes, 2014) 
 
 
Figure 29 – Nationality composition for lowest 20 manufacturing organizations in 
Global 2000 (Forbes, 2014) 
This could indicate information skewness either due to the regulatory environment within 
which these organizations exist, or due to the organizational performance which could be 
attributed to numerous other variables.  
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4.3. Organizational Reports Collection and Preparation  
 
After identifying the organizations to be encompassed within this research, online 
databases such as Google, FAME and Business Source Complete were used to collate 
company reports. These sources have most recent corporate sustainability reports (which 
was for the year 2014 for most organizations, but a few organizations only had published 
reports until 2013, so their 2013 reports were used). The financial reports of the selected 
companies were downloaded from the databases and company websites. This hinged on 
the fact that acquiring online and web versions of the reports facilitated the accumulation 
of a greater number of reports, thus facilitating Content Analysis through having a 
suitable format. Also, as Montabon et al. (2007) have established, there exists “no 
substantive difference” (Montabon et al. 2007, p.1003) between web and hard copies of 
corporate reports. The accumulation of the reports was slightly different for the bottom 
20 companies, as many of them had integrated their sustainability activities into their 
annual reports, with few having separate sustainability reports. This is followed by 
ascertaining that the web based version of the reports and the PDF versions had no 
discrepancies. Upon confirming that the PDF and web versions were similar, the next step 
was downloading the files, as well as verifying their functionality and content after 
download. After the verification process, the downloaded reports were converted into text 
files using a free online PDF converter (smallpdf.com/pdf-to-word) and their content was 
verified once again, to ensure that the text and images had not been affected in the 
conversion process. The process of selecting databases, identifying reports and converting 
them into an applicable format for text and Content Analysis is further presented in Figure 
30: 
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Figure 30 – Company report acquisition process 
  
4.4. Corporate Reports Analysis 
The next step is to analyse the accumulated data, in a lexical analysis to extract key words, 
identify patterns and compare across the different cases. The reports compiled reached an 
average of over 70 pages per company. Therefore, as per Tate et al. (2010), Content 
Analysis seemed the most appropriate approach to broaden understandings and 
contextualize the meanings developed within these reports (Vallet-Bellmunt et al. 2011; 
Seuring & Gold 2012) for SSCM implementation and propagation by these companies.  
A comparative evaluation of the different software (see Table 17 in section 3.2.2. 
Text Mining Methods: a review) that could be used for the content and textual analysis 
of the corporate reports needed to be made. ATLAS.ti has been identified as a suitable 
software for analysis due to the abundance of analytical options, and ease of intuitive User 
Interface (UI). Moreover, ATLAS.ti facilitates network views which allows the 
development of insights. Figure 31 shows the step-by-step process of using the software 
for Text Mining. 
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Figure 31 – Corporate reports Text Mining steps 
 
Similar to those outlined by Carley (1993), the steps followed herein for analysis of the 
corporate reports are as follows; 
- Step 1: Decide level of analysis 
- Step 2: Decide how many concepts to code for  
- Step 3: Decide whether coding for existence or frequency of concepts 
- Step 4: Decide how to distinguish between concepts 
- Step 5: Develop “rules” for coding texts 
- Step 6: Decide what to do with irrelevant information 
- Step 7: Code the texts 
- Step 8: Analyze the results 
The level of analysis affects the results achievement, based on whether the process is 
automated or semi-automated, as well as the identification of the semantic and cultural 
interpretations of the data (Carley 1993). One of the main purposes of this research is to 
assess the reports in terms of the terminologies and keywords used, identify KPIs, and 
thus determine the key organizational theories (KoTs) used. The identification of the 
KoTs was an iterative process based on interpretations of the literature on organizational 
theories and the prevalence of relevant terminologies while going through the corporate 
report(s). This process is used to develop a level of understanding that aims to bridge the 
gap between literature and practice. The assessment and analysis methods would follow 
on from the results of the coding, as identified in step 8 of the process by Carley (1993). 
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The concepts for coding were devised through creating code “Families” or as 
others refer to them, “Parent nodes” and “sub-families”. This was done based on 
extensive literature review as per Morana et al. (2013), Hofer et al. (2012), Griffis et al. 
(2007), and Gunasekaran & Kobu (2007). Clustering and association of the identified 
KPIs is important, as was developed by Gunasekaran et al. (2001), outlined by Montabon 
et al. (2007) and can be seen in Figure 32. These KPIs were grouped under the three main 
organizational functional areas of decision making: Strategic, Operational and Tactical. 
This is because the list of KPIs is quite large and as proven by psychology, humans 
interpret information better when it is clustered, grouped and broken down into various 
categories (Yin & Ren 2009; Bask et al. 2013; Ur-Rahman & Harding 2012; Spearman 
1904; Valitutti et al. 2005; H’Mida 2009). Furthermore, this facilitates the interpretation 
of the key concepts identified and provides a clear association and relationship between 
the variables from the first look. 
 
Figure 32 – Codes and Code Families developed from literature 
 After the establishment of the codes, it was important that the reports were 
manually read and subjectively coded, based on the relevance of each section of the 
reports to the identified and established codes, as per Hofer et al. (2012).  
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 After the coding of the text and categorization, the text is then analyzed using 
Conceptual or Relational Analysis (Tseng & Chiu 2013; Gold 2011; Bernardes 2010; 
Chen et al. 2010; Ferrer et al. 2010; Gold et al. 2009; Zhang 2008). Conceptual analysis 
closely evaluates the frequency of terminologies based on a thematic comprehension, 
which is cross-referenced with specialized dictionaries.  
 Furthermore, relational analysis further assesses the relationships that exist 
between the concepts. This is done through graphically mapping the relationships, based 
on the evaluation of emotions within the text, as well as the co-occurrence of concepts 
through matrix analyses, cross-tabulation, clustering and grouping, such as the clustering 
and grouping presented in the list of KPIs (see Figure 30) and the decision making levels 
(Bask et al. 2013; Ur-Rahman & Harding 2012; Zhu et al. 2005).  
 Throughout the coding of the reports, and as per conceptual analysis, it has 
become apparent that environmental performance metrics revolve solely around the 
emissions of SOx, NOx, COx and HCOx gases, with the occasional coverage for spillages 
(marine vessels, oils and liquids including volatile organic compounds). Moreover, top 
companies have a section within their reports dedicated to greenhouse gases (GHG) 
emissions and risks associated with them. Additionally, community investments and 
social impacts have become an integral part of the reports assimilated by top companies, 
as they exhibit their focus on projects that facilitate health, water, housing, skill building, 
supporting indigenous populations, providing educational and developmental 
opportunities, volunteering initiatives and a special focus on supporting women, further 
supporting that which was identified by Van Hoof & Lyon (2013), that employee 
satisfaction seemingly plays an important role within the organizational context, and the 
reports verify this statement. This is through the extensive presentation of support and 
sources available for employees, ranging from medical and healthcare benefits, to safety 
regulations, career progression and enhancement, as well as assistance for facilitating a 
better work-life balance. Companies have also exhibited their support for their workers, 
through ensuring that plenty of labour unions are represented within their organizations 
as well as enhancing employees’ health, mindset and psychological wellbeing, all of 
which present the organization in a better light.  
 Further to the application of conceptual analysis, Table 26 outlines the words 
related to sustainability and SSCM that have been used throughout the top 5 reports. 
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These were accumulated through a lexical frequency co-occurrence analysis which 
“counts the number of times each concept occurs…” (Carley 1993). The results are 
further represented in Figure 33.  
Table 26 – Table of sustainability word frequencies in top 20 CSR reports 
Words ∑  Words ∑  Words ∑ 
environmental 3096 Renewed 11 enviroment 1 
sustainability 2360 reproduction 11 environmentfocused 1 
environment 1383 environement 10 environmentimprove 1 
suppliers 1258 recyclability 10 greenfield 1 
sustainable 934 shareowner 8 greenguard 1 
supplier 612 recyclates 7 recyclables 1 
stakeholders 555 recyclate 6 recyclebank 1 
recycling 427 recycles 6 reprocess 1 
renewable 409 environ 5 reproduces 1 
revenues 269 greenification 5 reproducing 1 
greenhouse 259 environmentalist 4 reproductive 1 
recycled 197 greening 4 repurposing 1 
shareholders 153 renew 4 shareholdings 1 
revenue 142 renewal 4 supplieraudits 1 
environmentally 126 renewing 4 suppliercontracts 1 
recycle 86 reprocessed 4 suppliergenerated 1 
shareowners 86 reprocessing 4 supplierhumanrightsassessment 1 
shareholder 65 sustainabilityoverview 4 suppliersustainability 1 
environments 61 environmentalists 3 sustainabilityas 1 
restoration 48 suppliersustainabilitystandards 3 sustainabilityat 1 
sustainably 46 sustainabilityreport 3 sustainabilityboard 1 
flexibility 36 environmentallyfriendly 2 sustainabilityfeedback 1 
renewables 34 recyclers 2 sustainabilitygovernance 1 
recyclable 29 renewably 2 sustainabilityoffice 1 
sustained 29 renewals 2 sustainabilityreports 1 
reverse 27 reproduced 2 sustainabilitystrategy 1 
sustain 16 shareholding 2 sustainabilitystrategygovernance 1 
greener 15 sustainabilitystrategyand 2 sustainabilitytopics 1 
sustaining 14 sustainrep 2 sustainablility 1   envionmental 1 sustainbility 1 
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Figure 33 – Frequency of sustainability terms used in top 20 CSR reports. 
Focusing solely on the top 5 organizations’ keyword frequencies, the following words are 
prioritized and Figure 34 showcases this further. 
 
Figure 34 – Top Sustainability terminology used in top 5 organizations' reports 
As can be seen in Figure 34, the words most frequently utilized are: Environmental, 
Environment, Sustainability, Revenues, Renewable and Recycling and their spelling 
variations. Within the relational analysis conducted, although the terms that are 
synonymous with one another, or different variations of the same word could have been 
combined, they are presented individually to avoid affecting the overall results. These 
terms are all valuable Sustainable Supply Chain terminologies, however, considering 
recent levels of education of the population regarding their expectations about the 
environment, could this be a viable driver? It is noteworthy that “Stakeholders” is the 9th 
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most commonly used term, although this could be attributed to its limitation to certain 
sections within the corporate reports, aimed mainly at stakeholders and shareholders. It 
seems that the top organizations strive to appease their stakeholders through the 
integration of certain keywords pertaining to sustainability, in a fashion that portrays them 
in a positive light, with the word ‘Environmental’ being mentioned 563 times while 
sustainability was only mentioned 289 times. Interestingly, however, the accumulation of 
all shareholder-related terms (Stakeholder, Shareholder, Shareowners and Shareholders) 
equates to 90+83+53+19 which equates to 245 occurrences. This is further expanded 
upon through the following figure which showcases the top keywords from the top 5 
organizations and how representative they are of the total number of keywords identified 
by the top 20 organizations. 
 
Figure 35 – Keyword frequencies of top 5 companies compared to totals of top 20 
companies 
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Figure 36 – Top 5 organizations' top keywords as a percentage of total keywords 
for top 20 organizations 
As can be seen in both Figure 35 and Figure 36, “revenues” as a term used by the top 5 
organizations represents approximately 85% followed by “stakeholders” with 
approximately 60% of the terms being once again used by the top 5 organizations 
identified. This alludes to the premise that once again, the organizations seek to appease 
their stakeholders through presenting and showcasing their revenues. Interestingly, 
although the terms “Environmental”, “Environment” and “Sustainability” were all the 
highest used terms by top 5 organizations, these terms account for significantly small 
percentages of the grand total: 18%, 31% and 12% respectively. Meanwhile, comparing 
the word frequency results of the top 5 companies with the bottom quartile of the top 20 
presents the results shown in the following figure: 
 
Figure 37 – Comparison of highest frequency words of top and bottom quartiles 
for top 20 companies 
As can be seen, the frequency usage in the bottom quartile of the top 20 companies of the 
terms “Sustainability”, “Sustainable”, “Suppliers” and “Stakeholders” far exceeds the 
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results of those for the top 5 organizations. This could be due to the companies’ 
endeavours to surpass the top organizations, however this further supports the notion that 
stakeholder appeasing is an integral purpose underpinning these word usages. 
Furthermore, it is interesting to see the comparison between the bottom and top 5 
organizations where the bottom organizations have mentioned stakeholders, suppliers and 
sustainability, much more than the top organizations. Figure 38 shows how these figures 
represent parts of the total keyword frequencies. 
 
Figure 38 – Bar chart of keyword frequencies of bottom quartile of top 20 
companies compared to totals of top 20 companies 
After the manual subjective coding, the following KPIs from literature were utilized as 
parent nodes, and the terminology that relates to them which was used by the 
organizations was identified as a KPI, based on that which had been covered in the 
organizational reports. 
 
Table 27 – KPIs from organizational reports 
KPI Relevant phrases Frequency 
Economic Impact 
(Financial 
Performance) 
 Return on Investment 
 Financial Investment 
 Capital 
 Sales Revenue 
 Profit 
 Share Price 
 Dividends 
 Shareowners/Stockowners 
6,734 
Environmental 
Impact 
 Sustainability 
 Environmental impact 
 Pollution 
 Accidents 
 Spillages 
 Green House Gases (GHG) emissions  
1,644 
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 Risks associated with GHG 
 Recycling 
 Re-usage 
 Reverse engineering 
 Bio-Degradable  
Employees  Accidents 
 Medical benefits 
 Safety regulations 
 career progression 
 Career enhancement 
 Work-life balance 
 Evaluations 
 Key leaders within organization 
 B.O.D achievements 
1,751 
Social Impact  Community investments 
 Social impacts  
 Health Projects  
 Water Projects  
 Housing Projects 
 Skill-building Projects 
 Supporting indigenous populations 
 Providing educational & developmental opportunities 
 volunteering initiatives  
 Supporting women 
 Subscription to particular organizations/standards 
4,092 
Supply Chain  Suppliers reliability 
 Logistics reliability 
 Quality Control 
 Implementation of Lean 
 Implementation of Just-in-time 
 Flexibility 
3,322 
 
Further to the application of relational analysis to the KPIs that have been 
identified, and through a subjective manual coding process of the organizational reports, 
the prevalence of key organizational theories was identified. This was based on the 
interpretations of the key organizational theories from the literature, and their integration 
within SSCM. Subjective assessment was done based on how certain terminologies 
within the reports constituted certain theories, based on the interpretations derived from 
the understanding of the organizational theories, their paradigms and what each theory 
encompasses. Thus, parallel to a co-occurrence analysis, the results yielded are further 
presented in Table 28. 
As can be seen in Table 28, across the top 5 companies, Resource Dependence 
Theory (RDT) [0.92], Natural Resource Based View (NRBV) [0.87] and Institutional 
theory [0.86], respectively constitute the top frequencies of usage within the corporate 
reports. Furthermore, across the top 20 organizations, the top KPIs identified, which were 
correlated with the literature were: Environmental Standards for Suppliers [0.72], 
Environmental Risk Analysis [0.63] and Environmental Design [0.56]. Thus, it seems 
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that focusing on resources and suppliers is integral to the implementation of sustainability 
and constitute its effective communication within organizational reports to stakeholders.  
Table 28 – Codes co-occurrence for theories from reports of top 5 companies  
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Complexity Theory 0 0.1
1 
0.0
4 
0.1
1 
0.1
1 
0.0
5 
0.1
6 
0 0.0
7 
0.0
3 
0.68 
Contingency Theory 0.1
1 
0 0.1
4 
0.0
4 
0.0
3 
0.1
8 
0.1
8 
0.0
6 
0 0 0.73 
Ecological Modernization 
Theory 
0.0
4 
0.1
4 
0 0.0
3 
0.1 0.2
4 
0.1
3 
0.1 0 0.0
6 
0.84 
Governance Theory 0.1
1 
0.0
4 
0.0
3 
0 0.2 0.0
7 
0 0.0
8 
0.0
4 
0.0
9 
0.65 
Institutional Theory 0.1
1 
0.0
3 
0.1 0.2 0 0.1
1 
0.0
8 
0.0
3 
0.0
3 
0.1
6 
0.86 
Natural Resource  
Based View (NRBV) 
0.0
5 
0.1
8 
0.2
4 
0.0
7 
0.1
1 
0 0.1
6 
0.0
6 
0 0.0
2 
0.87 
Resource Dependence Theory 0.1
6 
0.1
8 
0.1
3 
0 0.0
8 
0.1
6 
0 0.1
2 
0.0
7 
0.0
3 
0.92 
Schumpeterian Economics 0 0.0
6 
0.1 0.0
8 
0.0
3 
0.0
6 
0.1
2 
0 0.0
8 
0.0
7 
0.59 
Signaling Theory 0.0
7 
0 0 0.0
4 
0.0
3 
0 0.0
7 
0.0
8 
0 0.0
2 
0.31 
Stakeholder Theory 0.0
3 
0 0.0
6 
0.0
9 
0.1
6 
0.0
2 
0.0
3 
0.0
7 
0.0
2 
0 0.48 
 
 
Table 29 – Codes co-occurrence for environmental KPIs from top 5 company 
reports 
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TOTALs 
Early Supplier Involvement 0 0.07 0.07 0.02 0.08 0.2 0 0 0.45 
Environmental Audits for Suppliers 0.07 0 0.08 0 0.03 0.21 0 0 0.4 
Environmental Awards 0.07 0.08 0 0.03 0.03 0.05 0 0 0.26 
Environmental Design 0.02 0 0.03 0 0.21 0.06 0.15 0.08 0.56 
Environmental Risk Analysis 0.08 0.03 0.03 0.21 0 0.14 0.13 0 0.63 
Environmental Standards for Suppliers 0.2 0.21 0.05 0.06 0.14 0 0.05 0 0.72 
Life Cycle Analysis 0 0 0 0.15 0.13 0.05 0 0 0.33 
Specific Design Target 0 0 0 0.08 0 0 0 0 0.08 
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Furthermore, it has become apparent through initial coding that different 
organizations ascribe to various voluntary standards and regulatory 
institutions/authorities. As per Schneider et al. (2010), it was important that the most 
pertinent of voluntary standards boards should be utilized to assess which organizations 
are adopting a proactive approach towards sustainability. One of the major observations 
that has presented itself through this review is the number of rules and regulating 
authorities that exist, varying by geographic location, industry, and even products on 
some occasions. This further corroborates some of the ideas identified within the literature, 
regarding the lack of reporting standards and consistency in sustainability implementation 
across various industries and organizations. Some of the key identified regulatory 
organizations that companies seek to comply with are further outlined in Table 30. 
Table 30 - Governing institutions facilitating organizational sustainability 
compliance 
Acronym Organization 
Japan Business Foundation Charter of Corporate Behavior of Nippon Keidenomen 
IPIECA International Petroleum Industry Environmental Conservation Association 
IOGPA International Oil & Gas Producers Association 
API American Petroleum Institute (API) Oil & Gas Industry Guidance on 
Voluntary Sustainability Reporting 
SEC Securities Exchange Commission 
IPIECA International Petroleum Industry Environmental Conservation Association 
JAPIA Japan Auto Parts Industries Association 
SAICM Strategic Approach to International Chemicals Management 
JEITIA Japanese Electronics & Information Technology Industries Association 
CFSI Conflict-Free Sourcing Initiatives 
PPA Public-Private Alliance for responsible minerals trade 
AIAG Automotive Industry Action Group 
 
 Moreover, the diversity of the reporting initiatives and requirements set forth by 
each organization, as well as geographic locations, paradoxically complicates the process 
for standardization across the board (Montabon et al. 2007). This makes it more difficult 
to appropriately assess an organization’s sustainability initiatives both within the 
organization and across the market, especially when environmental leadership is 
associated with viable resource allocation across various domains, stemming from a 
strategic long-term vision that fuels the organization (Buysse & Verbeke 2003). However, 
it seems to merely be a numbers game, wherein the greater the number of organizations 
and agencies an organization is affiliated with, the better it is perceived to be (Delmas et 
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al. 2013). Schneider et al., (2010, p.423) clearly indicate that greater involvement does 
not necessarily mean better performance.  
The most appropriate quotation relevant to and supporting this notion is from the CSR 
Sustainability Monitor Report: 
“There is no standard format to CSR reports, so as 
the number, length, and diversity of these reports 
have steadily increased, so has the difficulty for the 
readers—investors, analysts, and other concerned 
stakeholders—to evaluate the substance and 
comprehensiveness of the issues covered.” 
(CSR Sustainability Monitor 2012, p.1) 
 It is thus apparent that the lack of unified reporting and sustainability initiatives is 
an obstacle to overcome, and in order to do this, the dialogue between regulators and 
organizations is important (Ehrenfeld & Gertler 1997). However, there are several global 
initiatives that have endeavoured to establish a standardized evaluative measure for CSR 
reports. Developed at Baruch College, in Zicklin School of Business Weissman Center, a 
dedicated team has analyzed reports over the years and developed a list of topics for 
assessment that have been deemed valid and reliable due to non-zero scores for all factors 
(CSR Sustainability Monitor 2012). Factors have been subjectively coded and weighted 
to facilitate measurement across the organizations’ reports, assessing 11 contextual CSR 
elements that signify the organizations awareness of its environmental impact and actions 
it has taken, as well as having measurable results/impacts that are independently verified, 
amongst other aspects.  
 
 Additionally, manufacturing organizations can subscribe to any number of 
voluntary standards. The following table(s) have been adopted from Leonard & Schneider 
(2004) as well as Schneider et al. (2010) and further built upon. Table 31 outlines several 
prominent voluntary standards as well as identifying their name and source, while Table 
32 indicates which of the top 20 and bottom 20 manufacturing organizations subscribe to 
which of these standards. This was identified based on the mention of any of these 
standards either in the organization’s report the organization’s website, or the presence of 
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the organization in the online charter that is published by some of the institutions that 
govern the voluntary standards. 
 
As can be seen, the diversity in reporting standards, accompanied by the vast 
number of organizations which organizations can choose to comply with, renders the 
objective of sustainability as a difficult feat to accomplish. This is further complicated 
through the utilization of each organizational conglomerate of various consulting firms 
for reviewing their statements and assuring their reporting processes and performance 
indicators. This is further support by the results yielded from Table 32, which is adapted 
from a concept presented by Schneider et al. (2010), and shows which organization 
subscribes to which of the voluntary standards. Although the involvement of the top and 
bottom companies from the Global 2000 reports is evident here, Text Mining has 
identified that the top organizations are affiliated with many other institutes and 
humanitarian causes. 
Table 31 – Table of voluntary standards 
Standard Standard Name & Source 
BSR Business for Social Responsibility 
www.bsr.org/BSRCommunity/MemberLinks.cfm 
BCCC Boston Center for Corporate Citizenship 
www.bc.edu/bc_org/avp/csom/ccc/Pages/a_mem.html 
GEMI  Global Environmental Management Initiative 
www.gemi.org/docs/Company.htm 
GRI Global Reporting Initiative (Global Reporting Initiative 2006) 
www.globalreporting.org/GRIGuidelines/Reporters.htm 
ICC  International Chamber of Commerce 
www.iccwbo.org/sdcharter/corp_init/company_showcase/menu_ company_showcase.asp 
UNGCI United Nations Global Compact Initiative 
www.unglobalcompact.org/un/gc/ unweb.nsf/content/actors.htm  
WBCSD World Business Council for Sustainable Development 
www.wbcsd.org/aboutus/members.htm 
WEC World Environment Center 
www.wec.org/funders.htm 
WHC Wildlife Habitat Council 
www.wildlifehc.org/registry_ certifiedsites/index.cfm 
WRI World Resources Institute 
archive.wri.org/contrib_cc.html 
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Table 32 – Participation of manufacturing companies in voluntary standards 
Company 
BS
R 
BC
CC
 
GE
MI
 
GR
I 
ICC
 
UN
GC
I 
WH
C 
WB
CS
D 
WE
C 
WR
I 
TOP 20 COMPANIES 
Exxon Mobil  X         
PetroChina           
General Electric X          
Toyota Motor  X         
Apple  X         
Royal Dutch Shell X   X       
Volkswagen Group           
Chevron X          
Samsung Electronics X X         
Sinopec           
Daimler           
Gazprom           
Nestle    X       
Johnson & Johnson X          
Total X          
Procter & Gamble   X        
BP X          
IBM X          
BMW Group           
Pfizer X X         
BHP Billiton           
BOTTOM 20 COMPANIES 
Foxconn Technology           
Polyus Gold           
ACC           
Pioneer Natural Res           
Taiyo Nippon Sanso           
Eldorado Gold           
Aggreko           
Ube Industries           
Agnico-Eagle Mines           
Nisshin Steel           
Sealed Air   X        
Semen Gresik           
Qinghai Salt Lake           
Shionogi & Co           
Kingboard Chemical           
Sappi           
PT Bukit Asam           
Assore           
Sims Metal Mgmt           
Daelim Industrial           
Rheinmetall           
Vulcan Materials           
 
 It is thus clearer from Table 32 that more organizations at the top end of the 
spectrum subscribe to voluntary standards than those within the lower echelons of the 
Global 2000 report. This is important because it could be attributed to various reasons 
ranging from stakeholder appeasement, to global signaling of organizational performance 
to competitors. However, this does tie in with the question pertaining to how companies 
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present themselves within their reports, especially as most of the identified KPIs revolve 
around financial performance and ROI for investors, even when referring to discontinued 
operations, the decision for which is substantiated by the ROI in investors’ pockets, and 
taking into consideration fluctuations of currency. Although there surely exist various 
possible benefits and returns to organizations for presenting their sustainability and 
corporate citizenship activities in such a manner, however, the most prominent feature is 
what seems to be appeasing to stakeholders. 
This brings forwards the importance of identifying what the barriers and drivers for 
SSCM implementation are, as presented in the corporate reports. It is evident through the 
coding and analysis that stakeholders and especially investors play an important role in 
facilitating the organization’s direction. Furthermore, the conformity and compliance 
with regulations (governmental and others) seem to play a very important role in defining 
the direction of the organization. Some organizations have alluded to the concept of 
competitive advantage over their competitors, which could be drafted as a driver for 
SSCM implementation. Risk assessment has come across as a key driver as well, 
particularly for oil and mining organizations where the risk of a mistake can have drastic 
repercussions upon the environment. The driver that stood out quite significantly was the 
social aspect of sustainability, where organizations propagated their charitable work in 
various areas of need around the globe, although, this could perhaps be communicated 
for other reasons within the report. As for the barriers identified, the governmental and 
accreditation procedures seemed to be a cause of struggle with SSCM implementation. 
Furthermore, the constantly increasing costs and the battle to keep them down for 
economical purposes and the success of the business were further barriers. Although 
organizations did not admit it, it was clear from the messages conveyed that some 
organizations attributed the difficulty to conform and implement SSCM concepts to the 
nature of the organization and industry, rendering it a difficult feat to accomplish.  
 
After the assimilation of the patterns and analysis of the data, the next step is to 
shape the hypotheses and interpretations of the results, building on the evidence presented 
for each construct, while underpinning the hypothetical premises of the research and 
relevant research objectives, which are then generalized across the cases. It is thus 
hypothesized that: 
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 Stakeholder appeasement is a key driver for organizational implementation of 
sustainability 
 Resource Dependence, Natural Resource Based View, and Institutional Theories 
are at the forefront of organizational implementation of sustainability 
 Environmental Risk Analysis and Environmental Standards for Suppliers are 
pivotal activities in organizational implementation of sustainability 
With the results of the cases generalized and correlated, the overlaps and 
discrepancies that exist with the literature must be assessed. Much research has been 
conducted considering the reports of organizations and the impact of environmental 
sustainability on organizational performance. The most outstanding observation that 
presents itself is the need for standardized reporting guidelines and regulations for 
organizational sustainability activities. An issue that has been identified and outlined 
across the breadth of the literature (Tate et al. 2010; Montabon et al. 2007; Cerin 2002; 
Wilmshurst & Frost 2000). Moreover, it has become apparent that certain drivers and 
barriers, as identified from the current literature, exist within the organization for the 
implementation of SSCM, which has been considered. It is notable that these barriers and 
drivers are both internal and external to the focal organization (Seuring & Müller 2008; 
Walker et al. 2008; Hervani et al. 2005; Min & Galle 2001). Another key point of 
discussion was the overlap of certain concepts both across the internal and external 
aspects of the organization, as well as being identified as barriers and drivers, according 
to various literature. An example of this is “Stakeholders” which exist within the internal 
and external of both barriers and driving aspects of the diagram. 
Organizations strive to appease their stakeholders through the portrayal of an 
existence of sustainability within their organizational agenda. However, it seems that the 
overarching interpretations for sustainability and its implementation within the supply 
chain vary significantly between the literature and practice, especially as the 
conceptualization of sustainability implementation, as presented with the reports of the 
top manufacturing organizations globally seem to apply a “loose” interpretation of 
sustainability across their various activities. Although literature outlines that 
sustainability extends far beyond mere triple-bottom line implementation, to incorporate 
these concepts across the decision-making levels within the organization is a difficult and 
challenging task.  
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Organizations present a focus on the societal aspect of the Triple-Bottom-Line, 
through the implementation of projects that contribute to societal developments, such as 
education, alleviating poverty and providing sources of water and food. This is in addition 
to the industry-specific portrayals of sustainability, such as reduced oil spills for 
petroleum companies, less wastage from steel organizations and improved efficiency for 
manufacturers in general. The main question that subsequently presents itself is whether 
the organizations avoid the proper explanation of their sustainability practices due to their 
misunderstanding, to their belief that their stakeholders would not be able to comprehend, 
or is it perhaps due to the failure of the organizations to appropriately implement 
sustainability practices considering the continuously increasing pressures upon them.  
The final step as outlined in this process is reaching theoretical saturation and 
contribution where possible, as the codes included the theories identified within the 
context of SSCM, and the KPIs were correlated with their relevant theories, in an 
endeavour to bridge the gap between theory and practice. This leads to the establishment 
of pillars of responsibility within the organizational structure, supported by a degree of 
consistency that goes beyond implementation and reporting, to the establishment of a 
culture that promotes sustainability and is supported by top management. This would 
necessitate the utilization of corporate ethics as a mechanism to facilitate the cultural 
development within the organization, in lieu of SSCM. However, it is important to note 
that although an organization may opt for specific governances and sign up for initiatives, 
heeding environmental laws and regulations both on a local and international level plays 
a key role. 
4.5. Summary 
This chapter has identified the need for the accumulation of the organizational perspective, 
and has subsequently outlined that corporate reports would be the best source for this. In 
assessing the best approach to identify the organizations for assessment, it was established 
that the utilization of the Fortune 2000 Global list as an internationally acclaimed 
reference would substantiate the findings therein. Upon the identification and selection of 
the manufacturing organizations at the top and bottom of the list, their corporate reports 
were accumulated and Text Mining and Content Analysis were applied to extract 
keywords, themes, KPIs, barriers and drivers as per the interpretations of the 
organizations, thus highlighting their sustainability understanding and initiatives. 
Subsequently, the KPIs accumulated from literature were further validated and filtered 
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according to the practices reported and implemented by sample manufacturing companies, 
thus leading to a clearer understanding of which KPIs are most important for 
organizational implementation of SSCM.  
A key point to note is that Text Mining and Content Analysis of corporate reports 
is an approach fraught with bias; whether it is methodological bias of the researcher, or 
content bias as the reports are self-prepared by the organizations. This, accompanied with 
the prerequisites of an understanding of concepts therein and their groupings, as well as 
the KPIs utilized and the semantic interpretations across the corporate reports, presented 
several challenges across the board for this section. However, the results have all pointed 
towards corporate stakeholder appeasement, as the manufacturing organizations strive to 
present themselves in a better light. Often this was achieved through using complex terms 
such as “sustainability”, “environmentally-friendly”, or definitions of novel concepts 
such as recycling and indicating how this is implemented across their supply chains. Not 
only this, but most organizations strive to further appease the public through their 
community projects in various geographic locations around the globe, and through 
signing up to various voluntary standards that can then be publicly showcased. It is 
imperative to also outline that although the results do point in a certain direction, it is very 
difficult to generalize due to the diversity (once again) of industries, as well as of 
governing agencies and regulations accompanied by the voluntary standards that each 
organization opts to participate within. For this reason, it is important that the identified 
KPIs are further assessed using MCDA to identify their respective weightages and 
perceived importance per international experts in the field, which will be further discussed 
in chapter 5.  
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Chapter V 
~ A Conceptual Framework for SSCM Implementation ~ 
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5.1. Introduction 
 
This chapter proposes an MCDA-based conceptual framework for Sustainable 
Supply Chain Management. The proposed framework begins with combining the output 
results from previous chapters; particularly identified KPIs from the SLNA (Chapter 2) 
and the text & Content Analysis (Chapter 4) conducted, on the sustainability reports. The 
proposed framework and associated methodologies (Chapter 3) identify the Key 
Performance Indicators (KPIs), which are the most important for organizations to focus 
on.  
Overall, this chapter contributes to this research to:  
• Propose an SSCM Performance Evaluation Framework built on multiple methods.  
• Classify the identified KPIs into Economic, Environment and Social considering  
   the key decision areas including tactical, strategic and operational. 
• Develop and apply a 4-level hierarchical model for performance evaluation.  
• Collect relevant data from experts and professionals through a rigorous data  
   collection process.  
• Discuss the novel application of hybrid MCDA methodologies including VFT,  
   FAHP, FTOPIS & TISM. 
 
In other words, this chapter aims to assess which of the KPIs that have been 
already identified and are currently used by organizations are viewed as the most 
important, corroborating that with expert weighting of each KPI, to help prioritize KPIs 
and identify problem areas for SSCM implementation.  
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5.2. Proposed SSCM Performance Evaluation Framework 
 
 
Figure 39 – SSCM KPI evaluation framework 
 
Figure 39 shows the proposed conceptual framework for the evaluation and assessment 
of KPIs for sustainable supply chain management identified through literature review and 
industrial practical applications. This framework outlines the methodologies used at each 
stage of the framework. The rest of this chapter follows this conceptual framework and 
describes the research at each stage of this framework. It is important to mention that the 
details of the specific methodologies are detailed in chapter 3, however this chapter 
focusses on the results achieved through the application of these methodologies.  
5.2.1. List (identification and classification) of KPIs 
Based on results acquired from chapter 2 (Literature Review) and chapter 4 (Text Mining 
and Content Analysis of Sustainability Reports), a non-exhaustive list of KPIs is 
identified (see Table 34). The KPIs are grouped per the Triple-Bottom-Line (TBL) 
fundamental pillars of Economic, Environmental and Social. This is due to the realization 
that most companies, as examined through Text-Mining and Content Analysis, base their 
self-assessment for evaluating corporate sustainability on TBL pillars (Gimenez & 
Tachizawa 2012; Tate et al. 2010; Seuring & Müller 2008). This is further hinged on the 
findings by Carter & Rogers (2008) wherein they established that the inclusion of the 
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TBL dimensions within sustainability integration yields better results (Gimenez & 
Tachizawa 2012; Carter & Rogers 2008). The identified KPIs are further decomposed 
into the three key decision areas within an organization, as the metrics need to span the 
whole supply chain and all decision levels of Operational, Strategic and Tactical (Hofer 
et al. 2012; Schneider et al. 2010; Montabon et al. 2007; Gunasekaran et al. 2001), which 
are described in Table 33. 
Table 33 – Key organizational decision levels 
Decision Level Description 
Operational Define short term impact decisions (within 1 year). Focusses mainly 
on internal practices for the organization. 
Tactical Define medium term impact (between 1-3 years) covering both 
internal and external practices. 
Strategic  Define decisions that are long term in impact (between 3-5 years or 
longer) and focus mainly on practices external to the organization 
which could include amongst other things both stakeholders and the 
environment. 
(Source adapted from; Montabon et al. 2007; Sroufe et al. 2003) 
 
 
Figure 40 – SSCM KPIs Structure 
Additionally, Table 34 presents the identified economic, social and environmental 
KPIs that have presented themselves in the organizational reports from chapter 4 and 
matched the list of KPIs identified from literature in Table 12 in chapter 2, and Table 27 
in Chapter 4. Each of the TBL levels is broken down into the three decision levels outlined 
in Figure 40; this classicisation was also used in the survey (see Appendix B) that was 
disseminated to experts around the globe. Sources for each identified KPI and codes for 
each are also included for completeness.    
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Table 34 – List of identified KPIs  
  Key Performance Indicator  Code  Description   Source 
Eco
no
mi
c 
  Operational 
Operational costs  EO1  Costs of running operations  (Morali & Searcy 2013) 
Customer satisfaction rates  EO2  Rates of customer satisfaction  (Morali & Searcy 2013) 
Production Efficiency  EO3  Efficiency of production rates  (Gunasekaran et al. 2001) 
Inventory costs  EO4  Costs of inventory holding  (Gunasekaran & Kobu 2007) 
Production flexibility  EO5  Flexibility of production processes  (Gunasekaran & Kobu 2007) 
Strategic 
Investment costs  ES1  Costs of investment in sustainability  (Morali & Searcy 2013) 
Supplier Selection Costs  ES2  Decisions relating to selection of suppliers  (Gunasekaran et al. 2001) 
Logistics Costs  ES3  Costs related to logistics and transportation  (Gunasekaran & Kobu 2007) 
Tactical 
Return on investment  ET1  Return on Investment (ROI) rates  (Morali & Searcy 2013) 
Capacity utilization  ET2  The utilisation of the facilities’ capacity  (Gunasekaran & Kobu 2007) 
Perceived value of product  ET3  The perceived value of the product  (Gunasekaran et al. 2001) 
En
vir
on
me
nta
l 
Operational 
Greenhouse gas emission rates  ENO1  GHG emissions from facilities  (Morali & Searcy 2013) 
Noise rates  EN02  Noise rates causing disturbance  (Morali & Searcy 2013)) 
Waste Management  ENO3  Management of the waste   (Dubey, Gunasekaran & Samar Ali 2015) 
Strategic 
Innovation & improvement  ENS1  Innovation & improvement of processes and products  (Kaplan & Norton 1996) 
Planning and Product Design  ENS2  Designing the products and planning their production  (Gunasekaran et al. 2001) 
Compliance to regulations  ENS3  Organizational adherence to regulations  (Gunasekaran & Kobu 2007) 
Environmental Quality management  ENS4  Managing quality with attention to environment  (Hofer et al. 2012) 
Governmental Regulations  ENS5  Regulations imposed by governmental bodies  (Hussain et al. 2015) 
Management Commitment  ENS6  Commitment of management to causes  (Hussain et al. 2015) 
Tactical 
Resource Utilization   ENT1  The utilisation of all resources  Beamon (1999) 
Risk Management  ENT2  The management for risks  (Hussain et al. 2015) 
Reverse Logistics  ENT3  Operations based on reusing products and materials 
(Dubey, Gunasekaran & 
Samar Ali 2015) 
Soc
ial 
Operational 
Labour efficiency  SO1  Efficiency of labour employment and production  (Gunasekaran & Kobu 2007) 
Injury prevention  SO2  Preventative precautions within facilities  (Hussain et al. 2015) 
Stakeholders involvement  SO3  Involvement of stakeholders within organization   
Strategic 
Employment creation rates  SS1  Rate of new job creation and hiring cycles  (Morali & Searcy 2013) 
Training Rates  SS2  Rate of employee developmental trainings  (Morali & Searcy 2013) 
Adoption of Safety Practices  SS3  Safety practices implemented within organization  Hussain et al. (2015) 
Tactical 
Customer Retention  ST1  Rate of customer retention and turnover  (Beamon 1999) 
Labour Equity  ST2  Equality and diversity in employment  (Hussain et al. 2015) 
Quality of employee life  ST3  Employee life‐quality balance  (Hussain et al. 2015) 
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5.2.2. 4-Level Hierarchical Model SSCM Performance Evaluation 
 
As shown in the conceptual framework (Figure 39), the next step is the development of a 
4-level hierarchical model, which is further presented in Figure 41. The conceptual 
framework follows Saaty (2008) and Keeney (1996), where the process starts with 
defining the problem, followed by structuring a hierarchical framework for the decision-
making process, followed by constructing sets of pairwise comparison matrices, and 
finally obtaining the major priorities.  
 
Figure 41 – Hierarchical model for SSCM performance evaluation 
 
Figure 41 is structured as per Kilincci & Onal (2011). The “goal” outlines the 
overarching objective for this section; performance evaluation for SSCM through the 
weighting of the KPIs. This is sub-sectioned based on the TBL criteria in level 1, followed 
by further decomposition of the TBL layers per the organizational decision-making levels 
in level 2 as the attributes, subsequently reaching the decision alternatives in the 3rd level 
of the hierarchy which consists of the most influential KPIs, which are combined in level 
4 as a list of alternatives identified as combined performance levels of different KPIs for 
best organizational performance. This is further outlined in Table 35 for clarification 
purposes. 
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Table 35 – Detailed 4-level hierarchical structure of criteria 
 
Continuing from the hierarchical model development, the next stage is the 
determination of the weightages for each of the items in levels 1, 2 and 3. This is 
conducted through the data collection instrument as discussed in the next section, utilizing 
experts in the field of SSCM.   
 
 
Goal 1st Level Criteria 
(TBL) 
2nd Level Criteria  
(Organizational Decision 
Level) 
3rd Level Criteria 
(KPIs) 
4th Level 
Criteria 
 FAHP FAHP FAHP & TISM FTOPSIS 
Pe
rfo
rm
an
ce
 Ev
alu
ati
on
 fo
r S
SC
M 
(S
SC
M)
 
Economic Operational Operational costs 
Customer satisfaction 
rates 
Production Efficiency 
Inventory costs 
Production flexibility 
Strategic Investment costs 
Supplier Selection 
Costs 
Logistics Costs 
Tactical Return on investment 
Capacity utilization 
Perceived value of 
product 
Environmental Operational Greenhouse gas 
emission rates 
Noise rates 
Waste Management 
Strategic Innovation & 
improvement 
Planning and Product 
Design 
Compliance to 
regulations 
Environmental Quality 
management 
Governmental 
Regulations 
Tactical Resource Utilization  
Risk Management 
Reverse Logistics 
Social Operational Labour efficiency 
Injury prevention 
Stakeholders 
involvement 
Strategic Employment creation 
rates 
Training Rates 
Adoption of Safety 
Practices 
Tactical Customer Retention 
Labour Equity 
Quality of employee life 
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5.2.3. Instrument (Data Collection) 
 
The data collection instrument is built upon the experts’ opinions and that was 
disseminated electronically to the supply chain experts, who are identified through their 
publications, online profiles and personal contacts. Appendix B presents the survey 
questionnaire that was disseminated for this section of the research along with the 
participant information sheet and consent forms. The survey was constructed per the 
levels outlined in section 5.2.2, as was deemed necessary for each of the MCDA methods: 
VFT, FAHP, FTOPSIS and TISM (as detailed per section 3.4), and subsequently it was 
tested amongst experts, as a pilot to improve and ensure content validity. This is in 
accordance with what was outlined to be an important yet often neglected element of data 
collection (Wieland 2010; Roth et al. 2008). 
Meanwhile, Figure 42 shows the overall process of data collection for this stage of 
research. A list of emails was generated based on mailing addresses collated from 
research papers in this domain. These email addresses were added to the contact details 
aggregated from the FAME database, alongside the websites for the organizations 
outlined in the Text Mining section of this research, as well as personal contacts, 
individuals from networking events and conferences. The resulting spreadsheet of emails 
was then attached to the mail merge document containing the email invitation that was to 
be sent out, and which has the survey public URL included within. The mail merge was 
tested and then officially sent off to potential respondents. 
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Figure 42 – Data collection process via email 
 
Data collection is further complemented by utilization of personal contacts with 
managers of target organizations, who were responsible for sustainability within the 
supply chain. These managers were requested to fill out the survey online while 
communicating with the researcher via telephone throughout. This was to clarify any 
unclear sections or questions within the survey. 
 
150 
 
5.3. Application of Methodologies and Results Obtained 
The application methodology starts with the VFT as a generic tool to accumulate 
preferences of experts for KPIs, followed by the FAHP, which facilitates the weightage 
establishment and pairwise comparison for and between the KPIs. Furthermore, the TISM 
is used to assess the extent to which the influences of these KPIs play upon one another. 
It is then followed by the FTOPSIS application and interactions matrix presentation, 
which would identify the preferences for the KPIs. The following sections outline the 
application of methods and the results thereof. The process of methodologies and 
mathematical modelling are detailed in section 3.4. 
The next subsections further clarify the process adopted for analysis of the results 
accumulated, in an approach that strived to avoid subjectivity and bias through the 
acquisition of multiple viewpoints and various reiterations of the questions asked. It is 
imperative to highlight that the survey was sent to approximately 520 individuals residing 
in various organizations around the world. Of this number, only 103 had accessed the 
survey with only a minute number of 46 fully completing the survey, yielding a response 
rate of 45%. The survey was emailed twice with two reminders sent within a week of 
each of the emails. To further increase the response rate, a number of the target individuals 
were contacted via telephone or in-person meetings and in a quasi-structured interview 
format; their responses were accumulated. It is important to acknowledge that as this is a 
case study of organizational and expert opinions; research using similar survey 
approaches has acquired a range between 7–30 responses, such as Gunasekaran et al. 
(2004), Lamming et al (2000), Pagell & Krause (1999), Sharma & Vredenburg (1998) 
and McLachlin (1997). Despite the low response rate – the reasons for which can be found 
in the limitations section – it was deemed suitable for the purpose outlined. The following 
sections outline the methods and the results thereof as per the processes outlined in section 
3.4, and the responses acquired from the experts. 
5.3.1. VFT – Values Focused Thinking  
The VFT approach is used to understand and further appreciate the values that underpin 
our thought processes of initial opinions accumulated from the experts, especially as 
decision makers are individuals aiming to achieve value through making their 
expectations of what they hope to achieve map unto the decision process, leading to an 
“objective”, which usually strives to resolve a problem, within a specific “context”.  
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As such, the VFT adds the individualistic values attributed to the decision variables, 
which are made explicit upon the acknowledgement of the decision makers’ objective/s 
and their underpinning problem/s. This further facilitates the development of alternatives 
that stem beyond those acknowledged by the decision maker. Subsequently, the 
fundamental and means objectives as well as the underpinning relationships between 
them can be identified, to further facilitate the achievement of the objective. Having 
identified the overarching objectives and underpinning variables within the questions 
distributed through the survey, the subsequent sections shall analyse the results 
accumulated from the survey and their interpretations. It is imperative to note that the 
respondents were asked to give a ranking score of importance of 1-5 on a Likert scale for 
each KPI presented within the survey, where 1 was most important and 5 was least 
important. 
 
 
Figure 43 – Percentage frequency [Q4.1 – Q4.5] 
As can be seen in Figure 43, the identification of the ranking of importance was quite 
ambiguous, and thus the weighted frequencies or, rather, aggregated importance scores, 
were necessary to further discern the values of the ranking for each KPI. This was 
acquired through multiplication of the frequency (F) of the rank (R) by the inverse value 
(V) at the end of the Likert scale for the question at hand. For example, in this question, 
the scale was composed of 5 items, and thus the F of 1 (or F1) was multiplied by 5, the F 
of 2 (or F2) was multiplied by 4, F3 was multiplied by 3, F4 was multiplied by 2 and finally 
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F5 was multiplied by 1. Where the scale was composed of three elements, F1 was 
multiplied by 3, F2 multiplied by 2 and F3 multiplied by 1. To further present the meanings 
interpreted from the survey responses, all subsequent questions present the charts of their 
weighted scores. 
 
Figure 44 – Weighted scores [Q4.1-Q4.5] 
As can be seen from the above weighted scores chart (Figure 44), Customer Satisfaction 
Rates and Production Efficiency, have both yielded the highest-ranking scores in this 
collection. These are followed by operational and inventory costs, with the least frequent 
being production flexibility. This points towards the importance of organizational 
perception and responsiveness when compared to the costs involved. However, this 
contradicts the findings from chapter 4, where the organizations were more focused on 
costs and stakeholder appeasement. As per these findings, customers would be deemed a 
key driver in SSCM implementation. 
 
Figure 45 – Weighted scores [Q4.a.] 
From Figure 45, Return on Investment (ROI) has a higher-ranking score compared to 
capacity utilisation. This supports the findings from earlier chapters which alluded to the 
important role the financial aspects of SSCM play in the decision-making process.  
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Figure 46 – Weighted scores [Q4.b.] 
Out of the Economic Operational KPIs presented in Figure 46, greenhouse gas emission 
rates, noise rates and waste management, it is evident that GHG emission rates is the 
highest ranked with highest perceived importance, followed by waste management and 
finally noise rates. This could be due to the weight attributed to GHG emissions by 
regulatory authorities, as presented in chapters 2 and 4. 
 
Figure 47 – Weighted scores [Q4.c.] 
Based on Figure 47, it is evident that investment costs have the highest perceived 
importance of these Economic-Strategic KPIs. This is followed by logistics costs and 
finally Supplier Selection Costs. This is related to ROI which were presented in Figure 
46 and further supports the notion that stakeholder appeasement and the financial aspects 
of SSCM play an important role.  
 
Figure 48 – Weighted Scores [Q4.d.] 
Figure 48 outlines a very close perceived importance ranking between planning and 
product design, governmental regulations, environmental quality management and 
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management commitment. However, this group of Environmental-Strategic KPIs is 
topped by compliance to regulations which has the highest perceived importance and is 
closely followed by innovation and improvement. Once again, this is in line with previous 
findings of the importance of regulatory conformance as well as stakeholder 
appeasement.  
 
 
Figure 49 – Weighted scores [Q4.e.] 
As can be seen in Figure 49, the ranking order of these Environmental-Tactical KPIs is 
Resource Utilisation, Risk Management and finally Reverse Logistics. It is noteworthy 
that risk management and resource utilisation have similar scores. Resource utilisation is 
related to cost efficiency and effectiveness, which once again ties in with previously 
identified ideologies. However, the importance of risk management is an interesting one, 
given the integration of environmental management with risk aversiveness, and thus the 
need to manage risks in order to facilitate environmental sustainability.  
 
Figure 50 – Weighted scores [Q4.f.] 
Figure 50 represents the importance of the Social-Operational KPIs, showing that labour 
efficiency and stakeholders involvement both have a relatively similar perceived 
importance, while injury prevention falls quite far back by comparison.  
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Figure 51 – Weighted scores [Q4.g.] 
As for the Social-Strategic KPIs (Figure 51), the most pertinent of them is the Rate of 
Adoption of Safety Practices, followed by training rates and finally comes the 
employment creation rates. The adoption of safety practices would play an important role, 
as identified from chapter 4; organizations are scrutinized for their safety practices and 
thus its importance is pertinent.  
 
Figure 52 – Weighted scores [Q4.h.] 
As shown in Figure 52 for the Social-Tactical KPIs, the recommended order is customer 
retention, followed by labour equity and quality of employee life, thus further 
corroborating the earlier finding that customers are perceived to play an important role in 
the organization’s implementation of SSCM, being key stakeholders and drivers.  
In summary, the following KPIs have been identified, from the various figures and charts 
in this section, as the most important as per the VFT choices of the experts: 
 Customer Retention 
 Rate of Adoption of Safety Practices 
 Stakeholders Involvement 
 Risk Management 
 Compliance with Regulations 
 Investment Costs 
 Greenhouse gas (GHG) Emission Rates 
 Return on Investments 
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 Customer Satisfaction Rates 
It is evident from the above list that an organization’s customers, stakeholders and 
financial standing are all perceived to have the highest values of importance for the 
implementation of sustainability within organizations. How this compares with the 
subsequent MCDA methodologies remains to be identified, however it does align with 
findings from chapters 2 and 4.  
 
5.3.2. FAHP – Fuzzy Analytical Hierarchical Process 
 
The results obtained from the VFT approach indicated that there is a need for further 
ratification of the choices and “decisions” made. As discussed in Section 3, Fuzzy Theory 
along with AHP is the best way forward to deal with the ambiguity and complexity of the 
decision-making process. The results of the pairwise matrix for importance ranks within 
FAHP are acquired as per the steps outlined in section 3.4. and are presented in Appendix 
C in a manner that coincides with the sequence of the questions within the survey sent 
out, such that each question corresponds to a cluster. Upon the completion of the 
calculations for each of the paired KPIs, as per the formulae and procedural steps outlined 
in section 3.3.2, it was imperative that the results be consolidated for improved 
visualization. This is further presented in Table 36: 
Table 36 – Consolidated AHP& VFT importance ranking results 
  
 
KPI We
igh
t 
Im
po
rta
nc
e 
Ra
nk
 (F
AH
P)
 
Im
po
rta
nc
e 
Ra
nk
 (V
FT
) 
Q5 Economic 0.61 1 3 
Environmental 0.21 2 1 
Social 0.18 3 2 
Q6 ECO Operational 0.50 1 1 
ECO Tactical 0.27 2 2 
ECO Strategic 0.23 3 3 
Q8 Customer Satisfaction Rates 0.28 1 1 
Operational Costs 0.25 2 3 
Production Efficiency 0.24 3 2 
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Inventory Costs 0.12 4 4 
Production Flexibility 0.11 5 5 
Q10 Investment Cost 0.44 1 1 
Logistic Cost 0.31 2 2 
Supplier Cost 0.25 3 3 
Q12 Return on Investment 0.49 1 1 
Capacity Utilisation 0.29 2 2 
Perceived Value of Product 0.22 3 3 
Q13 ENV Operational 0.53 1 1 
ENV Tactical 0.26 2 2 
ENV Strategic 0.21 3 3 
Q15 GHG Emission Rates 0.55 1 1 
Waste Management 0.33 2 2 
Noise Rates 0.11 3 3 
Q17 Governmental Regulations 0.21 1 2 
Management Commitment 0.18 2 3 
Compliance to Regulations 0.18 3 1 
Planning & Product Design 0.16 4 5 
Innovation & Improvement 0.14 5 6 
Environmental Quality Management 0.13 6 4 
Q19 Resource Utilization 0.46 1 2 
Risk Management 0.36 2 1 
Reverse Logistics 0.17 3 3 
Q20 SOC Operational 0.48 1 1 
SOC Tactical 0.22 3 2 
SOC Strategic 0.30 2 3 
Q22 Labour Efficiency 0.48 1 2 
Injury Prevention 0.30 2 3 
Stakeholders Involvement 0.22 3 1 
Q24 Training Rates 0.39 1 2 
Adoption of Safety Measures 0.36 2 1 
Employment Creation Rates 0.24 3 3 
Q26 Customer Retention 0.38 1 1 
Quality of Employee Life 0.38 1 3 
Labor Equity 0.25 3 1 
 
Subsequent to the completion of the ranking of the KPIs through the utilization 
and implementation of VFT and FAHP, it was necessary to assess if any discrepancies 
(vastly different ranking scores) existed between the two methods, and to identify the 
underpinning reasons, if any, for these discrepancies. As such, the weights from AHP are 
incorporated in the above table, as well as the ranking of importance as identified through 
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each of the methods. Most of the rankings correspond between the two methodological 
approaches which indicates a reasonable degree of confidence in the importance of each 
of the associated KPIs. However, a couple of differences do present themselves. Within 
Q5, the perceived importance was that Environmental KPIs > Social KPIs > Economic 
KPIs as per VFT. However, FAHP calculations have established that Economic KPIs > 
Environmental KPIs > Social KPIs. This could be attributed to individual preference or 
the perception that Environmental KPIs SHOULD have a higher rank in importance. 
Another smaller difference is within Q8, wherein Operational Costs & Production 
efficiency have a respective AHP ranking of 3, 2, while the inverse occurred within VFT. 
This is a minor deviation and as per various other studies (Chorfi et al. 2015; Ayhan 2013; 
Sullivan 2012) , such discrepancies normally occur across various MCDA methodologies. 
However, Q19, Q22, and Q24 had several variations across the methods. This 
could be attributed to the different interpretations of the KPIs outlined therein. It is 
interesting to note that according to VFT, the perceived importance KPIs of these sets 
are: Risk Management, Stakeholders Involvement and Adoption of safety measures, 
respectively. However, through FAHP calculations, Resource Utilisation, Labour 
Efficiency and Training Rates were deemed as priorities. This once again points towards 
a perceived importance of conscientiousness, which contradicts reality. Connecting these 
findings with the Text Mining section of this research, it is evident that companies present 
themselves in a manner that ties within the perceived importance of conscientiousness, 
however, as the results herein have identified, actual precedence and importance prevails 
for efficiency and economic value. 
As a summary to this section, Table 37 presents the KPIs in a hierarchical 
clustering manner, while showcasing the acquired weightages for each KPI. This is 
further presented in the subsequent diagraph. 
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Table 37 – Weighted KPIs  
  Key Performance Indicator  Code  Description   Weight 
Eco
no
mi
c (0
.61
) 
Operational  0.50 
Operational costs  EO1  Costs of running operations  0.25 
Customer satisfaction rates  EO2  Rates of customer satisfaction  0.28 
Production Efficiency  EO3  Efficiency of production rates  0.24 
Inventory costs  EO4  Costs of inventory holding  0.12 
Production flexibility  EO5  Flexibility of production processes  0.11 
Strategic  0.23 
Investment costs  ES1  Costs of investment in sustainability  0.44 
Supplier Selection Costs  ES2  Decisions relating to selection of suppliers  0.23 
Logistics Costs  ES3  Costs related to logistics and transportation  0.31 
Tactical  0.27 
Return on investment  ET1  Return on Investment (ROI) rates  0.49 
Capacity utilization  ET2  The utilisation of the facilities’ capacity  0.29 
Perceived value of product  ET3  The perceived value of the product  0.22 
En
vir
on
me
nta
l (0
.21
) 
Operational  0.53 
Greenhouse gas emission rates  ENO1  GHG emissions from facilities  0.55 
Noise rates  EN02  Noise rates causing disturbance  0.11 
Waste Management  ENO3  Management of the waste   0.33 
Strategic  0.21 
Innovation & improvement  ENS1  Innovation & improvement of processes and products  0.14 
Planning and Product Design  ENS2  Designing the products and planning their production  0.16 
Compliance to regulations  ENS3  Organizational adherence to regulations  0.18 
Environmental Quality management  ENS4  Managing quality with attention to environment  0.13 
Governmental Regulations  ENS5  Regulations imposed by governmental bodies  0.21 
Management Commitment  ENS6  Commitment of management to causes  0.18 
Tactical  0.26 
Resource Utilization   ENT1  The utilisation of all resources  0.46 
Risk Management  ENT2  The management for risks  0.36 
Reverse Logistics  ENT3  Operations based on reusing products and materials  0.17 
Soc
ial 
(0.
18
) 
Operational  0.48 
Labour efficiency  SO1  Efficiency of labour employment and production  0.48 
Injury prevention  SO2  Preventative precautions within facilities  0.30 
Stakeholders involvement  SO3  Involvement of stakeholders within organization  0.22 
Strategic  0.30 
Employment creation rates  SS1  Rate of new job creation and hiring cycles  0.24 
Training Rates  SS2  Rate of employee developmental trainings  0.39 
Adoption of Safety Practices  SS3  Safety practices implemented within organization  0.36 
Tactical  0.22 
Customer Retention  ST1  Rate of customer retention and turnover  0.38 
Labour Equity  ST2  Equality and diversity in employment  0.25 
Quality of employee life  ST3  Employee life‐quality balance  0.38 
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Figure 53 – Weighted diagram of KPIs for SSCM implementation 
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Figure 53.1 – Economic weighted KPIs for SSCM 
Figure 53.2 – Environmental weighted KPIs for 
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Thus far, global weightages are acquired for each of the KPIs by multiplying the KPI 
weightage with its hierarchical parent (Decision level) and that with its parent triple-
bottom-line level, i.e. Operational costs  Operational  Economic. Subsequently, the 
global weightage for Operational costs would be as follows, and this is further presented 
in   
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Table 38. 
Operational costs (0.25) X Operational (0.50) X Economic (0.61) = 0.25 x 0.5 x 0.61 = 
0.07625 
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Table 38 – Global weightages of KPIs 
  Key Performance Indicator  Code  Description   Weight 
Global 
Weightage 
Eco
no
mi
c (0
.61
) 
Operational  0.50  0.305 
Operational costs  EO1  Costs of running operations  0.25  0.076 
Customer satisfaction rates  EO2  Rates of customer satisfaction  0.28  0.085 
Production Efficiency  EO3  Efficiency of production rates  0.24  0.073 
Inventory costs  EO4  Costs of inventory holding  0.12  0.037 
Production flexibility  EO5  Flexibility of production processes  0.11  0.034 
Strategic  0.23  0.140 
Investment costs  ES1  Costs of investment in sustainability  0.44  0.062 
Supplier Selection Costs  ES2  Decisions relating to selection of suppliers  0.23 
0.032 
Logistics Costs  ES3  Costs related to logistics and transportation  0.31 
0.043 
Tactical  0.27  0.165 
Return on investment  ET1  Return on Investment (ROI) rates  0.49  0.081 
Capacity utilization  ET2  The utilisation of the facilities’ capacity  0.29  0.048 
Perceived value of product  ET3  The perceived value of the product  0.22  0.036 
En
vir
on
me
nta
l (0
.21
) 
Operational  0.53  0.113 
Greenhouse gas emission rates  ENO1  GHG emissions from facilities  0.55  0.061 
Noise rates  EN02  Noise rates causing disturbance  0.11  0.012 
Waste Management  ENO3  Management of the waste   0.33  0.037 
Strategic  0.21  0.044 
Innovation & improvement  ENS1  Innovation & improvement of processes and products  0.14 
0.006 
Planning and Product Design  ENS2  Designing the products and planning their production  0.16 
0.007 
Compliance to regulations  ENS3  Organizational adherence to regulations  0.18  0.007 
Environmental Quality 
management  ENS4 
Managing quality with attention to 
environment  0.13 
0.005 
Governmental Regulations  ENS5  Regulations imposed by governmental bodies  0.21 
0.009 
Management Commitment  ENS6  Commitment of management to causes  0.18  0.007 
Tactical  0.26  0.054 
Resource Utilization   ENT1  The utilisation of all resources  0.46  0.025 
Risk Management  ENT2  The management for risks  0.36  0.019 
Reverse Logistics  ENT3  Operations based on reusing products and materials  0.17 
0.009 
Soc
ial 
(0.
18
) 
Operational  0.48  0.086 
Labour efficiency  SO1  Efficiency of labour employment and production  0.48 
0.041 
Injury prevention  SO2  Preventative precautions within facilities  0.30  0.026 
Stakeholders involvement  SO3  Involvement of stakeholders within organization  0.22 
0.019 
 
Strategic  0.30  0.054 
Employment creation rates  SS1  Rate of new job creation and hiring cycles  0.24 
0.013 
Training Rates  SS2  Rate of employee developmental trainings  0.39 
0.021 
Adoption of Safety Practices  SS3  Safety practices implemented within organization  0.36 
0.019 
Tactical  0.22  0.039 
Customer Retention  ST1  Rate of customer retention and turnover  0.38  0.015 
Labour Equity  ST2  Equality and diversity in employment  0.25  0.009 
Quality of employee life  ST3  Employee life‐quality balance  0.38  0.015 
 
165 
 
However, it is noteworthy that the list of KPIs is quite long, which could be problematic 
for the further incorporation within the subsequent stages; this includes developing a 
Decision Support System, and identifying the ideal combination of KPI performance 
scores using TOPIS methodology. As such, it is imperative for the list to be reduced to a 
more practical quantity. To that end, the process of reducing the list through omitting 
KPIs that are deemed as least important (based on having lower weighted scores) seemed 
a plausible approach, with the calculated ranks (FAHP) taking precedence over the 
values-based (VFT) ones. This meant that no KPIs with a weightage of <0.20 remained, 
and has resulted in a reduction of the KPIs to a mere number of 30 KPIs, as shown in 
Table 39.  
Table 39 – Consolidated importance ranking for KPIs (after omission) 
 
 
 
# 
 
 
KPI 
We
igh
t 
# 
 
 
KPI 
We
igh
t 
Q5 Economic 0.61 Q6 ECO Operational 0.50 
Environmental 0.21 ECO Tactical 0.27 
Social 0.18 ECO Strategic 0.23 
Q8 Customer Satisfaction Rates 0.28 Q10 Investment Cost 0.44 
Operational Costs 0.25 Logistic Cost 0.31 
Q20 SOC Operational 0.48 Q13 ENV Operational 0.53 
SOC Tactical 0.22 ENV Tactical 0.26 
SOC Strategic 0.30 ENV Strategic 0.21 
Q12 Return on Investment 0.49 Q15 GHG Emission Rates 0.55 
Capacity Utilisation 0.29 Waste Management 0.33 
Q17 Governmental Regulations 0.21 Q19 Resource Utilization 0.46 
Management Commitment 0.18 Risk Management 0.36 
Q22 Labour Efficiency 0.48 Q24 
 
Training Rates 0.39 
Injury Prevention 0.30 Adoption of Safety Measures 0.36 
Q26 Customer Retention 0.38  
Quality of Employee Life 0.38 
The higher level KPIs (TBL, & Decision Levels, in response to Q5 and Q6, Q13 & Q20 
respectively) were subsequently omitted due to their values being already included in the 
aggregated weightages for their levels that precede them, as per the ranking order outlined 
in section 6.2. This was conducted as per the aggregated diagraph identified earlier, and 
has succeeded in reducing the KPIs to 18 in total.  
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Table 40 – Modified consolidated importance ranking for KPIs  
(after omission & aggregation of weightages) 
 
 
 
# 
 
 
KPI 
Gl
ob
al 
We
igh
t 
# 
 
 
KPI 
Gl
ob
al 
We
igh
t 
Q8 Customer Satisfaction Rates 0.0854 Q10 Investment Cost 0.0725 
Operational Costs 0.0763 Logistic Cost 0.0510 
Q12 Return on Investment 0.0687 Q15 GHG Emission Rates 0.0612 
Capacity Utilisation 0.041 Waste Management 0.0367 
Q17 Governmental Regulations 0.0092 Q19 Resource Utilization 0.0251 
Management Commitment 0.0079 Risk Management 0.0196 
Q22 Labour Efficiency 0.041 Q24 
 
Training Rates 0.021 
Injury Prevention 0.026 Adoption of Safety Measures 0.019 
Q26 Customer Retention 0.015  
Quality of Employee Life 0.015 
This has yielded the following final list of consolidated KPIs and their global weightages, 
sorted in descending order by weight, for application and utilization within the subsequent 
stages of this research. 
Table 41 – Final table of KPIs with global weightages 
KPI Meaning Global Weightage 
Customer Satisfaction Rates Rates of customer satisfaction 0.0854 
Operational Costs Costs of running operations 0.0763 
Investment Cost Costs of investment in sustainability 0.0725 
Return on Investment Return on Investment (ROI) rates 0.0687 
GHG Emission Rates GHG emissions from facilities 0.0612 
Logistic Cost Costs related to logistics and transportation 0.051 
Capacity Utilisation The utilisation of the facilities’ capacity 0.041 
Labour Efficiency Efficiency of labour employment and production 0.041 
Waste Management Management of the waste  0.0367 
Injury Prevention Preventative precautions within facilities 0.026 
Resource Utilization The utilisation of all resources 0.0251 
Training Rates Rate of employee developmental trainings 0.021 
Risk Management The management for risks 0.0196 
Adoption of Safety Practices  Safety practices implemented within 
organization 
0.019 
Customer Retention Rate of customer retention and turnover 0.015 
Quality of Employee Life Employee life-quality balance 0.015 
Governmental Regulations Regulations imposed by governmental bodies 0.0092 
Management Commitment Commitment of management to causes 0.0079 
 
Thus, the KPIs for SSCM implementation in manufacturing organizations have been 
identified from literature (Chapter 2) and from Practice (Chapter 4), and weighted by 
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experts through FAHP with Table 41 outlining the final consolidated and aggregated list 
of most influential KPIs and their respective weightages. However, the question that 
presents itself pertains to how the different KPIs interact and interrelate with each other. 
This is best addressed through a TISM approach, covered in the next section. 
5.3.3. TISM – Total Interpretive Structural Modelling 
 
As outlined in section 3.3.2. MCDA Methods: a Review, TISM helps in dealing with 
issues that are subject to influence from a big number of elements. The following 
subsections follow the procedural steps outlined in section 3.3.2.  
i. Elements listing 
The values for each of the relationships between the KPIs are acquired through the online 
survey which was administered to experts in the field from both academic and practical 
backgrounds, as further presented in Appendix B and Appendix D. 
ii. Reachability (Structural Self-Interaction) matrix development 
The individual Structural Self-Interaction Matrices (SSIMs)1 per question are included in 
Appendix D, however the following table has consolidated the KPIs and their values as 
an Aggregated SSIM table. 
Table 42 – Aggregated SSIM matrices tabulated 
 
Q 
 
KPIL 
 
KPIR 
L-R
 Va
lue
 
R-
L V
alu
e 
An
no
tat
ion
 
5.1 Economic Environmental 1 0 P 
5.2 Economic Social 1 0 P 
5.3 Environmental Social 1 0 P 
6.1 Operational Tactical 1 0 P 
6.2 Operational Strategic 1 0 P 
6.3 Strategic Tactical 1 0 P 
8.1 Operational Costs Customer Satisfaction Rates 1 0 P 
8.2 Operational Costs Production Efficiency 1 0 P 
8.3 Operational Costs Inventory Costs 1 0 P 
8.4 Operational Costs Production Flexibility 1 0 P 
8.5 Customer Satisfaction Rates Production Efficiency 1 0 P 
8.6 Customer Satisfaction Rates Inventory Costs 1 0 P 
8.7 Customer Satisfaction  Production Flexibility 1 0 P 
8.8 Production Efficiency Inventory Costs 1 0 P 
                                                 
1 Indicates pair-wise relationship between variables of the system (Ravi et al. 2005) 
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8.9 Production Efficiency Production Flexibility 1 0 P 
8.10 Investment Costs Supplier Selection Costs 1 0 P 
10.1 Investment Costs Supplier Selection Costs 1 0 P 
10.2 Investment Costs Logistics Costs 1 0 P 
10.3 Supplier Selection Costs Logistics Costs 1 0 P 
12.1 Return on Investment Capacity Utilisation 1 0 P 
12.2 Return on Investment Perceived value of product 1 0 P 
12.3 Capacity Utilisation Perceived value of product 1 0 P 
13.1 Operational Environmental Decisions Tactical Environmental Decisions 1 0 P 
13.2 Operational Environmental Decisions Strategic Environmental 
Decisions 
1 0 P 
13.3 Strategic Environmental Decisions Tactical Environmental Decisions 1 0 P 
15.1 Greenhouse Gas Emission Rates Noise Rates 1 0 P 
15.2 Greenhouse Gas Emission rates Waste Management Rates 0 1 N 
15.3 Noise Rates Waste Management Rates 0 1 N 
17.1 Innovation & Improvement Planning & Product Design 1 0 P 
17.2 Innovation & Improvement Compliance to regulations 1 0 P 
17.3 Innovation & improvement Environmental Quality 
Management 
1 0 P 
17.4 Innovation & improvement Governmental regulations 0 1 N 
17.5 Innovation & improvement Management commitment 0 1 N 
17.6 Planning & Product Design Compliance to regulations 0 1 N 
17.7 Planning and Product Design Environmental Quality 
Management 
1 0 P 
17.8 Planning & Product Design Governmental Regulations 1 0 P 
17.9 Planning & Product Design Management Commitment 1 0 P 
17.10 Compliance to regulations Environmental quality 
management 
1 0 P 
17.11 Compliance to regulations Governmental Regulations 1 0 P 
17.12 Compliance to regulations Management commitment 1 0 P 
17.13 Environmental Quality Management Governmental Regulations 1 0 P 
17.14 Environmental Quality Management Management Commitment 1 0 P 
17.15 Governmental Regulations Management Commitment 1 0 P 
19.1 Resource Utilization Risk Management 1 0 P 
19.2 Resource Utilisation Reverse Logistics 1 0 P 
19.3 Risk Management  Reverse Logistics 1 0 P 
20.1 Operational Social Decisions Tactical Social Decisions 1 0 P 
20.2 Operational Social Decisions Strategic Social Decisions 1 0 P 
20.3 Strategic Social Decisions Tactical Social Decisions 1 0 P 
22.1 Labour Efficiency Stakeholders Involvement 1 0 P 
22.2 Labour Efficiency Injury Prevention 1 0 P 
22.3 Injury Prevention Stakeholder Involvement 1 0 P 
24.1 Employment Creation Rates Adoption of Safety Practices 1 1 E 
24.2 Employment Creation Rates Training Rates 1 1 E 
24.3 Training Rates Adoption of Safety Practices 0 1 N 
26.1 Customer Retention Labour Equity 1 0 P 
26.2 Customer Retention Quality of employee life 1 0 P 
26.3 Labour Equity Quality of Employee Life 1 0 P 
 
This table shows the KPIL and KPIR as well as the annotated values of both Left and 
Rights KPIs respectively. The final column indicates the annotated value for the 
relationship between each KPIL and KPIR as was outlined per the table of reachability 
matrix substitutions.  
iii. Reachability Matrix and Transitivity test 
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The reachability matrices for each of the questions identified is further established in 
Appendix D, however it is noteworthy that no transitivity existed across the questions and 
no gaps presented themselves within the responses accumulated.  
iv. Reachability Matrix is utilized in regrouping variables 
The reachability matrix (shown in Table 40) outlines the reachability and antecedent sets 
as well as the intersection points, indicating how the KPIs are interrelated with one 
another and indicating which (horizontal or vertical) KPI has the greater influence on the 
other. This is further established in the subsequent step 5 (canonical matrix) where the 
drive and dependence powers for the KPIs are identified.  
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Table 43 – Reachability Matrix 
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Eco 1 1 1 
Env 0 1 1 
Social 0 0 1 
Operational 1 1 1 
Strategic 0 1 1 
Tactical 0 0 1 
Operational Costs 1 1 1 1 1 
Customer Satisfaction Rates 0 1 1 1 1 
Production Efficiency 0 0 1 1 1 
Inventory Costs 0 0 0 1 1 
Production Flexibility 0 0 0 0 1 
Investment Costs 1 1 1 
Supplier Selection Costs 0 1 1 
Logistics Costs 0 0 1 
Return on Investment 1 1 1 
Capacity Utilisation 0 1 1 
Perceived Value of Product 0 0 1 
Operational Environmental Decisions 1 1 1 
Tactical Environmental Decisions 0 1 1 
Strategic Environmental Decisions 0 0 1 
Greenhouse Gas Emission Rates 1 1 0 
Noise Rates 0 1 0 
Waste Management Rates 1 1 1 
Innovation & Improvement 1 1 1 1 0 0 
Planning & Product Design 0 1 0 1 1 1 
Compliance to Regulations 0 1 1 1 1 1 
Environmental Quality Management 0 0 0 1 1 1 
Governmental Regulations 1 0 0 0 1 1 
Management Commitment 1 0 0 0 0 1 
Resource Utilisation 1 1 1 
Risk Management 0 1 1 
Reverse Logistics 0 0 1 
Operational Social Decisions 1 1 1 
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Strategic Social Decisions 0 1 1 
Tactical Social Decisions 0 0 1 
Labour Efficiency 1 1 1 
Stakeholders inolvement 0 1 0 
Injury Prevention 0 1 1 
Employment Creation Rates 1 1 1 
Training Rates 1 1 1 
Adoption of Safety Practices 1 0 1 
Customer Retention 1 1 1 
Labour Equity 0 1 1 
Quality of Employee Life 0 0 1 
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v. Canonical Matrix 
The following table outlines the aggregated canonical matrix, indicating the dependence 
power of each KPI based on the sum of row values and the drive power of each KPI based 
on the sum of column values. and showcases the dependence and drive powers of each of 
the KPIs. 
Table 44 – Aggregated Canonical Matrix 
KPI Dependence 
Power 
(Summed) 
Dependence 
Power 
Drive Power 
(Summed) 
Drive 
Power 
(Sum of row 
values) 
(Sum of 
Column 
Values) 
Economic 48 2 20 0 
Environmental 34 1 38 1 
Social 24 0 48 2 
Operational Economic Decisions 44 2 24 0 
Strategic Economic Decisions 40 1 28 1 
Tactical Economic Decisions 18 0 50 2 
Operational Costs 84 4 52 0 
Customer Satisfaction Rates 78 3 46 1 
Production Efficiency 72 2 68 2 
Inventory Costs 54 1 90 3 
Production Flexibility 52 0 84 4 
Investment Costs 44 2 14 0 
Supplier Selection Costs 22 1 38 2 
Logistics Costs 24 1 38 2 
Return on Investment 50 2 14 0 
Capacity Utilisation 28 1 38 1 
Perceived Value of Product 20 0 46 2 
Operational Environmental Decisions 40 1 24 1 
Tactical Environmental Decisions 46 2 18 0 
Strategic Environmental Decisions 10 0 54 2 
Greenhouse Gas Emission Rates 54 1 18 1 
Noise Rates 16 0 44 2 
Waste Management Rates 32 2 40 0 
Innovation & Improvement 94 3 88 2 
Planning & Product Design 90 4 84 1 
Compliance to Regulations 104 3 74 2 
Environmental Quality Management 62 2 110 3 
Governmental Regulations 94 2 72 3 
Management Commitment 76 1 84 4 
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Resource Utilisation 46 2 24 0 
Risk Management 40 1 28 1 
Reverse Logistics 16 0 50 2 
Operational Social Decisions 40 2 24 0 
Strategic Social Decisions 44 1 16 1 
Tactical Social Decisions 8 0 52 2 
Labour Efficiency 40 2 26 0 
Stakeholders inolvement 22 0 44 2* 
Injury Prevention 26 1* 28 1 
Employment Creation Rates 28 2 28 2 
Training Rates 28 2 28 1 
Adoption of Safety Practices 28 1 28 2 
Customer Retention 46 2 24 0 
Labour Equity 32 1 36 1 
Quality of Employee Life 26 0 44 2 
 
According to the results in Table 44, the following are the KPIs with the top 5 summed 
dependence power values: Compliance with regulations, innovation and improvement, 
governmental regulations, planning and product design and operational costs. This is 
while operational costs and planning & product design both have the highest dependence 
power score of 4. On the other hand, the following KPIs have the top 5 summed drive 
power values: environmental quality management, inventory costs, innovation & 
improvement, planning and product design, and management commitment. This is while 
management commitment and production flexibility both have the highest drive power 
score of 4.  
vi. Graph between variables is structured 
Through the generation of links, nodes and edges from the canonical and reachability 
matrices, a graph which represents the KPIs and their interdependencies is generated. This 
is done for each of the questions from the survey and further presented in the subsequent 
figures. 
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Figure 54 – Triple-Bottom-Line KPIs 
(Q5) 
 
Figure 55 – Operational, Strategic & 
Tactical KPIs (Q6) 
 
It is interesting to see in Figure 54 that Economic KPIs affect Environmental and Social 
KPIs, while Environmental affects the Social only. This supports the notion that the 
economics and finances are the key aspect to be taken into consideration. As can be seen 
from Figure 55, the results indicate that operational KPIs affect both Strategic and 
Tactical KPIs, but Strategic KPIs affect Tactical KPIs.  
 
Figure 56 – Q8 Interrelationships 
The first aspect of this diagram that draws attention is that all the nodes lead to Production 
Flexibility, while none lead to Operational costs. As such, it seems that operational costs 
175 
 
are a key factor in customer satisfaction rates, production efficiency, inventory costs and 
production flexibility. This is in line with the concept that money is the most important 
element for sustainability implementation within the organization. This is in line with 
Figure 54, wherein economic KPIs had the highest value. 
  
Figure 57 – Q10 Interrelationships 
 
Figure 58 – Q12 Interrelationships 
 
It is interesting to note that in Figure 57, Investment costs affect Supplier Selection costs, 
which could be attributed to the logic underpinning the two concepts. This is true also of 
the impact of investment costs on logistics costs. Meanwhile, it is interesting to note that 
Supplier Selection Costs affect Logistics costs. This is also proof of the intransitivity of 
these variables. Furthermore, from the above Figure 58, the fact that Return on Investment 
affects the Capacity Utilisation and the perceived value of the product is interesting. This 
is because it is perceived to be an omnidirectional relationship, wherein the utilisation of 
the capacity would affect the return on investment as well. On the other hand, the impact 
of capacity utilisation and return on investment upon the perceived value of the product 
may be at odds with the literature, but still understandable in terms of the interpretation 
of sustainability and its implementation as has been exhibited by the results from the Text 
Mining section and other aspects of the literature.  
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Figure 59 – Q13 interrelationships Figure 60 – Q15 
interrelationships 
 
The operational environmental decisions seem to be influencing both the strategic 
environmental decisions and the tactical environmental decisions in Figure 59. This 
points towards the notion that the environmental decisions are driven by their 
operationalization prior to their strategisation. Meanwhile, as can be seen from Figure 60, 
the GHG emission rates and the noise rates are both preordained by the management of 
waste. This points to the potency of waste management strategies and KPIs in assessing 
their impact on the organization’s immediate surroundings.  
 
Figure 61 – Q17 interrelationships 
It is interesting to note that although this diagram does not seem to have any clear strong 
KPIs, Management Commitment is the most dependant node wherein all other nodes feed 
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into it. This points to the importance that management commitment would have in SSCM 
implementation. However, Governmental Regulations feed into management 
commitment and innovation and improvement, which alludes to the idea that they play 
an important role in facilitating them both in one way or another.  
Figure 62 – Q19 Interrelationships Figure 63 – Q20 interrelationships 
 
It is clear from Figure 62 that Risk Management and Reverse Logistics are both affected 
by Resource Utilisation. Thus, the utilisation of the resources has the highest importance 
within this model such that its efficiency affects the other two aspects. It is noteworthy 
that reverse logistics are affected by both risk management and resource utilisation.  
Figure 64 – Q22 interrelationships Figure 65 – Q24 interrelationships 
It is interesting to note that the efficiency of labour in Figure 64 is the quintessential 
element in this diagram, leading to injury prevention and stakeholder involvement. It is 
interesting to note that as per the logical conceptualization of these KPIs, and by looking 
at Figure 65, Employment creation rates affects the Training Rates and the adoption of 
safety practices. This follows the logical flow that as the organization increases its 
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employment rates, this necessitates an increase and improvement in training and the 
adoption of further safety practices.  
 
Figure 66 – Diagraph of Q26 
As can be seen in the diagraphs, the relationships that exist between the KPIs are of quite 
an interesting nature, where they often follow a logical comprehensive approach with the 
higher level KPIs playing an important role and becoming a focal point for sustainability 
implementation within the organizations’ supply chains. 
vii. TISM model is checked for conceptual inconsistencies & modified 
accordingly  
Upon checking the conceptual consistencies for the diagraphs of each individual question, 
it has become apparent that there are no inconsistencies, and as such, the final aggregated 
diagram is provided henceforth. The subsequent step in this research is to identify which 
would be the most ideal combination of these KPIs. This would be accomplished through 
identifying the ideal solution, via the implementation of FTOPSIS, which was outlined in 
section 3.3.2. and will be discussed further in the following section. 
 
5.3.4. FTOPSIS – Fuzzy Technique of Order Priority by Similarity to Ideal 
Solution 
 
Moving forwards with the methodological analysis for this research, the subsequent step 
is the Fuzzy Technique of Order Preference by Similarity to Ideal Solution, or FTOPSIS 
as it is more commonly known, which is another MCDA tool. This is known as a 
compromise method which yields a solution very close to the ideal one, through a linear 
normalized solution. The solution provided should not only have a physical distance that 
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is of proximity to the ideal solution, but should also have the farthest distance from the 
worst possible solution.  
Due to the nature of the FTOPSIS analysis, it proved quite difficult to utilize the 
current MCDA results within this system, especially as the logical approach would be to 
MAXimize all the KPIs. As such, the ideal solution would be for all KPIs to have a value 
of {5}. However, as that is an unrealistic situation, it is thus necessary to identify the 
various possible alternatives that could exist within this domain. To that extent, there were 
two main alternatives that presented themselves currently: the first was to simulate all the 
different combinations of KPI performances and their respective scores, and the second 
was to accumulate actual scores from organizations. As such, it seemed that the first 
alternative would not yield any value-adding results, rather a mere number of 175 (which 
equals a total of 1,419,857) iterations for all the KPIs or 236,642 various combinations of 
options. This is mainly due to the reality of the ideal solution being a KPI performance 
rating of 5 for all KPIs, which is realized through a logical comprehension. Subsequently, 
the ideal option and application for FTOPSIS would be to identify actual KPI scores, 
which would be through a case study approach. This could only naturally come after the 
development of the Decision Support System (DSS), which will be covered in chapter 6.  
5.4. Summary 
In summary, it has become apparent that although at the onset, experts had given their 
opinions based on their perceived importance of each of the KPIs that had been identified 
from literature and practice, by applying MCDA technique some KPIs proved to 
significantly differ and have greater weights than those obtained based on the experts’ 
opinions. The utilization of the VFT facilitated the acknowledgement of the ranking of 
KPIs identified based on the values associated with each KPI as per the interpretation of 
the experts. When compared with the values acquired through FAHP, the rankings of the 
KPIs were not vastly different across the two methods. Furthermore, the utilization of 
FAHP facilitated the weighting of the KPIs and subsequent ranking. The relationships 
between the KPIs, as antecedents or subsequents, were further outlined with the resolution 
of transitivity that existed across the ranks and relationships of the KPIS. TISM is a 
simplistic interpretive and qualitative method that has the advantage of facilitating the 
definition of the problem and outlining its boundaries, evaluating the impact of certain 
aspects on other ones after identifying the relationships between them. FTOPSIS was 
intended to be used for identifying the best combination of KPI scores for sustainability 
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implementation, however for the reasons already explained, that will be considered after 
the introduction of the case study in Chapter 6.  
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Chapter VI 
~ A Decision Support Framework for SSCM Performance 
Assessment ~ 
 
 
  
182 
 
6.1. Introduction 
The purpose of the decision support framework, presented in the form of a tool, is to 
facilitate the self-evaluation of organizations and their implementation of SSCM based 
on KPIs. The tool identifies potential areas of improvement and provides 
recommendations for improvement (based upon their performance) that stem from the 
previous stages of this research. The following section aims to combine the outcomes 
from the previous chapter(s), and amalgamate them together in the development of a 
Decision Support System (DSS).  
Building on the theories identified from the literature, a model with a user-friendly 
GUI will be developed to help organizational managers to assess their performance while 
facilitating the identification of the theories that contribute the most significantly to the 
sustainability of the organizations. To begin with, the theories identified shall be 
aggregated, accompanied by the identification of the questions that relate to the 
organizational activities within each theory. The structure would comprise a Likert 
ranking scale based on Keeney’s Values-Focused Thinking (VFT). 
6.2. Developing the Decision Support Framework 
 
Based on the initial results of weightages acquired in chapter 5, the KoTs 
identified shall be utilized for the online computational model, wherein each organization 
could identify which Key Organizational Theories (KoTs) and Key Performance 
Indicators (KPIs) they need to focus on to further address and familiarize themselves with 
them. The following chart indicates the procedures followed, linking previous chapters 
(and their results) with subsequent sections. 
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Figure 67 – DSS framework & process 
The following represents the Graphical User Interface (GUI) for the online computational 
software and the corresponding scores for the Likert scales. 
Table 45 – Numerical value for performance ratings 
Number  Meaning  Numerical value for calculation 
0 =  Does not exist at our organization  0 
1 =  20% Weak performance levels  0.2 
2 =  40% Moderate Performance levels  0.4 
3 =  60% Above average Performance Levels  0.6 
4 =  80% Good Performance Levels  0.8 
5 =  100% excellent Performance Levels  1.0 
 
Table 46 – Table showing Excel spreadsheet table headings 
Weight  KPI  Description  )sPerformance Score (P  Global Weightage (GW) 
                   
WKTD  KPIn    0  1  2  3  4  5   
 
  
184 
 
Table 47 – Explanation for annotated labels for purpose of formulae 
WKTD  Weightage for each KPI based on its TBL parent (Economic, Environmental, Social) and Decision 
level (Strategic, Tactical, Operational).  
Ps  Performance score as rated by managers. These will be stored according to their corresponding 
percentage values 
GW  Global Weightage for each KPI calculated as (WKTD X Ps ) and will be used for the generation of 
recommendations and mapping organizational performance 
 
A Function would be put in to equate that if the GW for any KPI is below the value of “U” 
(currently U= 0.02), then that KPI would be mentioned in the recommendation section. 
U was calculated as the lowest permissible threshold for the KPIs above 20% in 
importance weightage, which was at the median of the variables presented.  
Based on the resulting Gw for the KPI’s, a Radar chart would be one of the 
outcomes of the software, signifying the nine key fundamental layers developed within 
this model (the TBL and Decision levels combined). The chart would indicate which 
sections require further focus from the organization.  
The weights would be used from the current FAHP, and integrated into the 
backbone of this computational model for an online software GUI. Based on the literature 
reviews conducted, the KPIs would be related to their respective theoretical parents and 
this would be kept in a separate spreadsheet. The results from the MCDA are utilized to 
identify which theories are identified as the most important by the experts and their 
weightage applied within the backbone of the DSS. This is then correlated with the results 
from the following procedure which incorporates the scores input by managers for their 
organizational performance. This would contribute to bridging the gap between theory 
and practice as the most influential theories would be identified.  
Thus, stemming from the results acquired from the MCDA, the backbone for the XML 
DSS would be as outlined in the following table. 
Table 48 – XML Backbone 
Weight 
 
KPI Description Performance 
Score 
Global 
Weightage  
WKTD KPIn  )s(P (GW) 
0.0854 Customer Satisfaction Rates Rates of customer satisfaction 0 1 2 3 4 5  
0.0763 Operational Costs Costs of running operations 0 1 2 3 4 5  
0.0725 Investment Cost Costs of investment in 
sustainability 
0 1 2 3 4 5  
0.0687 Return on Investment Return on Investment (ROI) 
rates 
0 1 2 3 4 5  
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0.0612 GHG Emission Rates GHG emissions from facilities 0 1 2 3 4 5  
0.051 Logistic Cost Costs related to logistics and 
transportation 
0 1 2 3 4 5  
0.041 Capacity Utilisation The utilisation of the facilities’ 
capacity 
0 1 2 3 4 5  
0.041 Labour Efficiency Efficiency of labour 
employment and production 
0 1 2 3 4 5  
0.0367 Waste Management Management of the waste  0 1 2 3 4 5  
0.026 Injury Prevention Preventative precautions 
within facilities 
0 1 2 3 4 5  
0.0251 Resource Utilization The utilisation of all resources 0 1 2 3 4 5  
0.021 Training Rates Rate of employee 
developmental trainings 
0 1 2 3 4 5  
0.0196 Risk Management The management for risks 0 1 2 3 4 5  
0.019 Adoption of Safety Practices  Safety practices implemented 
within organization 
0 1 2 3 4 5  
0.015 Customer Retention Rate of customer retention 
and turnover 
0 1 2 3 4 5  
0.015 Quality of Employee Life Employee life-quality balance 0 1 2 3 4 5  
0.0092 Governmental Regulations Regulations imposed by 
governmental bodies 
0 1 2 3 4 5  
0.0079 Management Commitment Commitment of management 
to cause/s 
0 1 2 3 4 5  
 
The backbone spreadsheet was setup with a reference lookup. The performance scores 
were converted to their respective weights through a basic compounded IF function, an 
example of which is presented below: 
=IF(D4=0,0,IF(D4=1,0.2,IF(D4=,2,0.4,IF(D4=3,0.6,IF(D4=4,0.8,IF(D4=5,1.0)))))) 
The above formula assessed the score input by the managers and compares it to the 
respective numerical values as presented in Table 45. Subsequently, having established 
the parameter for the weights to be >0.005, the following IF formula was input to identify 
if the organizational performance within a particular KPI was above or below the 
permissible threshold. 
=IF(F4 >0.005,"Yes","No") 
The results were then added in a separate column for the purpose of identifying which 
KPIs were the ones operating below the threshold. An example of the formulae involved 
is further shown below. 
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Table 49 – Example of formulae within DSS backbone in MS Excel 
We
igh
t 
KP
I 
De
sc
rip
tio
n 
Pe
rfo
rm
an
ce
 Performance Score  Glob
al 
Weig
htage  
0.0
854 
Custo
mer 
Satisf
action 
Rates 
Rates 
of 
custo
mer 
satisf
action 
1 =IF(D4=$G$3,$H$3,IF(D4=$G$4,$H$4,IF(D4=$G$5,$H$5,IF(D4=
$G$6,$H$6,IF(D4=$G$7,$H$7,IF(D4=$G$8,$H$8)))))) 
=A4*
E4 
 
The following snapshot reveals the spreadsheet backbone as was prepared within 
Microsoft Excel.  
 
Figure 68 – Screenshot of backbone for DSS in MS Excel 
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Figure 69 – Screenshot of formulae within DSS backbone in MS Excel 
The following are examples of the formulae utilized for results, and followed by charts 
that would be generated by the formulae as an output for the organizational evaluation.  
Table 50 – Table of results from DSS 
RESULTS: 
=H13 & F24 
=H11&IF(I4=$G$4,K4, "")&IF(I5=$G$4,K5, "")&IF(I6=$G$4,K6, "")&IF(I7=$G$4,K7, 
"")&IF(I8=$G$4,K8, "")&IF(I9=$G$4,K9, "")&IF(I10=$G$4,K10, 
"")&IF(I11=$G$4,K11,"")&IF(I12=$G$4,K12, "")&IF(I13=$G$4,K13, "")&IF(I14=$G$4,K14, "") 
I15=$G$4  
="Although " & H12&IF(I4=$G$3,K4, "")&IF(I5=$G$3,K5, "")&IF(I6=$G$3,K6, 
"")&IF(I7=$G$3,K7, "")&IF(I8=$G$3,K8, "")&IF(I9=$G$3,K9, "")&IF(I10=$G$3,K10, 
"")&IF(I11=$G$3,K11, "")&IF(I12=$G$3,K12, "")&IF(I13=$G$3,K13, "")&IF(I14=$G$3,K14, "")  
 
This tabular result showcases the overall organizational performance score, calculated as 
the total of GW divided by the overall best score; GW Max, which was acquired through 
multiplying a score of 5 by all the WKTD, and which yielded a result of 0.6916. The final 
two rows in Table 50 identify the KPIs an organization is “performing well in” and also 
the ones that an organization is “required to pay further attention to”. 
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6.3. Data Collection 
Upon the preparation of the DSS as an online application with an XML backbone, 
based on Microsoft Excel, and uploaded to an HTML encoded website, the weightages 
utilized were structured based on the results acquired from the MCDA section of this 
research, subsequently the developed DSS. The performance ranking of the KPIs was 
established through the following HTML code: 
 
 
Figure 70 – HTML code for performance ranking 
However, the practicality of the developed DSS needs to be assessed, and this would best 
be done through an evaluation by the designated end users. This is further discussed in 
the subsequent subsections. 
 
6.3.1. Demonstrating DSS Applicability 
In order to further comprehend the application of the DSS and its usability across the 
board within organizations, it was necessary to pilot the system. As such, this called for 
a “Relationship-Building” and “Mapping” case study, as was outlined by Stuart et al 
(2002), wherein the former identifies the linkages through causal understanding, and the 
<td class='ee116' style='height:16pt;'> 
 
<fieldset id='FS1$PerformanceRating' style='border:0;padding:0;'> 
 
<select name='PerformanceRating' id='PerformanceRating' class='ee117 required form-control' style=' 
width:100% ; padding-left:4px; padding-right:2px;' tabindex='1' 
onchange="recalc_onclick('PerformanceRating')" size='1' data-sheet='1' data-row='3' data-col='4'> 
 
<option data-value='s:' value='' >-Please rate your organizational performance in each of the KPIs as 
follows, given that: 0 - Does not exist at our organization, 1 - Weak performance levels (20%), 2 -
Moderate Performance levels (40%), 3 - Above average Performance Levels (60%), 4 - Good 
Performance Levels (80%), 5 - excellent Performance Levels (100%)</option> 
        
 <option data-value='n:0' >0</option> 
        
 <option data-value='n:1' >1</option> 
        
 <option data-value='n:2' >2</option> 
        
 <option data-value='n:3' >3</option> 
        
 <option data-value='n:4' >4</option> 
        
 <option data-value='n:5' >5</option> 
</select> 
  </fieldset> 
  </td> 
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latter identifies and describes critical variables, both of which utilize the “focused case 
study”. Of all the research methodologies identified across the supply chain and 
sustainability domains, a case study approach was deemed most appropriate due to its 
structured approach, which facilitates the accomplishment of the overarching objectives 
of this section; namely, a pilot test of the DSS by the designated end-users, and the 
accumulation of feedback on its performance.  
A case study approach is one that focuses not only on comprehending, but also 
understanding and interpreting (Gephart 2004) the dynamics that exist within multiple 
scenarios (Eisenhardt 1989), through “theoretic generalization” which requires direct 
observation and interaction within the “actual contemporary situation” (Meredith 1998). 
Although qualitative research is one of the “most powerful research methods” (Stuart et 
al. 2002; Voss et al. 2002) applicable for use in the field, they were rarely published in 
operations management journals (Forza 2002; Voss et al. 2002; Meredith 1998; New 
1997).  
It is imperative to acknowledge that data validity and reliability play an integral role 
in research, and thus could not be overlooked within this stage. Thus, as per Yin (1984) 
and Voss et al. (2002) the construct validity requires the input from various sources of 
evidence. In this case, the input is the scores within the DSS which is built on KPIs hinged 
on both literature and practice. This is then followed by Internal Validity which is 
established in the data analysis stage, wherein the patterns are matched and explained. 
Subsequently, through implementing this Case Study approach, it would facilitate a 
comparative analysis of actual organizational performance within the domains outlined 
within the parameters of the DSS. This would further bridge the gap between academic 
literature and professional practice, as it would allow the identification of the influential 
KPIs that organizations use, and which of these the organizations focus upon most in 
terms of performance. Additionally, with a written commentary of feedback, it could 
further assist in guiding policymaking. Prior to delving into the case study, it is imperative 
to outline the approach which will be adopted herein, which is mentioned in the 
subsequent sub-sections.  
6.3.2. Case Study Methodology  
As per Eisenhardt (1989) as well as Wu & Pagell (2011), an average of seven cases is 
deemed suitable and sufficient for theory development. As such, the link for the 
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developed DSS was provided to several organizations through personal contacts, in an 
endeavour to acquire a general overview for the feedback and suitability of the DSS, 
hinged on the case study approach outlined by Yin (1984).  
6.3.3. Case Study Data Collection 
This subsection outlines what the research entails, how the cases will be selected and 
identified, the structuration of the instrument for data collection and how the field will be 
entered.  
- Step 1: Outlining the research  
In this section, the research involves the provision of the online DSS, which has been 
developed through this research, to several organizations in order for them to pilot it 
and provide commentary upon its usability and suggestions for further development. 
- Step 2: Case Selection & Identification  
Due to the limitations of the DSS and over-exhaustion of organizations through 
survey fatigue, the selected organizations were ones with whom a personal contact 
was present due to earlier interactions. As such, these organizations vary in size and 
included manufacturing, consulting and services organizations, which would yield an 
interesting number of perspectives to the topic at hand.  
- Step 3: Instrument & Protocol Crafting  
The instrument of choice will be through email communication, such that the DSS 
system would be sent to the contacts via email, asking them to reply within a set 
timeframe of one week. The email sent out would be of the following format, which 
would include the link for the DSS and request for a written commentary to be sent 
back. 
- Step 4: Entering the field – Combination of Data Collection & Data Analysis  
Upon sending the emails to the contacts, like the MCDA survey, when responses were 
not forthcoming within the week, a reminder email was sent to the contacts, and they 
were contacted via telephone in an endeavour to identify whether they had received 
the email or not, and to encourage them to respond at their earliest convenience.  
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6.4. Results & Analysis 
Upon the accumulation of the results and responses from the contacted individuals and 
organizations, the subsequent steps entailed the analysis of the data, shaping of 
hypotheses, identifying overlaps with existing literature and the overarching contribution. 
- Step 5: Analysis of Data  
Upon the accumulation of the responses from the organizations, the comments were 
reviewed and extracted for utilization for DSS development. Furthermore, the overall 
ranks and performance ratings of the organizations are comparable across the board. 
This is in an effort to identify which KPIs are most focused upon, and which exhibit 
higher performance rankings amongst the organizations. The following were the 
consolidated organizational scores from the DSS. For the purpose of confidentiality, 
the organizations have requested to remain anonymous for this research. Subsequently, 
the organizational profiles are in the table listed hereunder. 
Table 51 – Profiles of organizations participating in DSS Case study 
Company Industry Size 
(Nr. Of 
employees) 
Annual Profit 
(GBP) 
HQ 
A Real Estate 6,000 125,000,000 U.S.A. 
B Manufacturing 140 1,500,000 Egypt 
C Consulting 170 22,000,000 U.K. 
D Civil Construction 1,000 n/a Oman 
E Import & Export 25 370,000 U.K. 
F Engineering 780 n/a K.S.A 
 
After the data collection from the responses received from the organizations, the 
following tables and diagrams represent the results yielded by each of the 
organizations. The individual company responses are presented in Appendix E. The 
following table showcases the aggregated consolidated scores yielded from each 
organization’s DSS evaluation, for comparison. As was mentioned in section 5.3.4. 
FTOPSIS, the results yielded from the case study can thus be utilized to identify which 
of the organizations is closest to the ideal solution, given that the “ideal” solution 
would be for organizations to have a numerical value of {5} for their performance 
ratings in each of the KPIs.  
It is imperative to note that the definitions for the KPIs were intentionally left ambiguous 
and up to the interpretation of the managers utilizing the DSS. This was for acquiring 
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feedback, as well as facilitating an overarching perspective for their perception of these 
KPIs, with an overall population, standard deviation of 1.032 across the company scores, 
and an average standard deviation across the companies per KPI of 0.98 and a modal 
standard deviation for each KPI across the organizations with a score of 0.75.  
Table 52 – Consolidated DSS organizational performance ranks 
KPI Organization  St. 
Deviation A B C D E F 
Customer Satisfaction Rates 4 3 3 4 4 2 0.548 
Operational Costs 3 4 5 3 2 4 0.753 
Investment Cost 4 4 4 2 1 3 0.753 
Return on Investment 4 3 5 0 2 3 0.816 
GHG Emission Rates 3 1 4 2 2 4 1.211 
Logistic Cost 2 2 3 3 4 2 0.837 
Capacity Utilisation 2 3 3 4 4 3 1.366 
Labour Efficiency 3 5 3 3 4 4 1.265 
Waste Management 4 2 2 2 3 1 0.816 
Injury Prevention 5 3 2 3 5 2 0.816 
Resource Utilization 3 3 4 3 2 3 1.095 
Training Rates 4 1 2 1 4 4 1.049 
Risk Management 3 2 4 3 3 4 0.753 
Adoption of Safety Practices  4 4 3 3 4 3 0.632 
Customer Retention 5 3 4 4 4 3 1.722 
Quality of Employee Life 3 4 3 3 4 2 0.753 
Governmental Regulations 3 3 4 3 5 3 1.506 
Management Commitment 5 4 2 4 5 4 1.033 
        
Total Score 64 54 60 50 62 54 - 
Mean Score 3.56 3 3.33 2.78 3.44 3 0.98 
Modal Score 3 3 3 3 4 3 0.75 
Median Score 3.28 3 3.17 2.89 3.72 3 0.87 
Standard Deviation 0.922 1.085 0.970 1.060 1.199 0.907 - 
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Figure 71 – Comparative radar diagram of company performance scores in KPIs 
 
 
Figure 72 – Comparative line chart of company performance scores for each KPI 
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Table 53 - Consolidated DSS organizational performance weights 
KPI Organization 
A B C D E F 
Customer Satisfaction Rates 0.068 0.051 0.051 0.068 0.068 0.034 
Operational Costs 0.046 0.061 0.076 0.046 0.031 0.061 
Investment Cost 0.058 0.058 0.058 0.029 0.015 0.044 
Return on Investment 0.055 0.041 0.069 0.000 0.027 0.041 
GHG Emission Rates 0.037 0.012 0.049 0.024 0.024 0.049 
Logistic Cost 0.020 0.020 0.031 0.031 0.041 0.020 
Capacity Utilisation 0.016 0.025 0.025 0.033 0.033 0.025 
Labour Efficiency 0.025 0.041 0.025 0.025 0.033 0.033 
Waste Management 0.029 0.015 0.015 0.015 0.022 0.007 
Injury Prevention 0.026 0.016 0.010 0.016 0.026 0.010 
Resource Utilization 0.015 0.015 0.020 0.015 0.010 0.015 
Training Rates 0.017 0.004 0.008 0.004 0.017 0.017 
Risk Management 0.012 0.008 0.016 0.012 0.012 0.016 
Adoption of Safety Practices  0.015 0.015 0.011 0.011 0.015 0.011 
Customer Retention 0.015 0.009 0.012 0.012 0.012 0.009 
Quality of Employee Life 0.009 0.012 0.009 0.009 0.012 0.006 
Governmental Regulations 0.006 0.006 0.007 0.006 0.009 0.006 
Management Commitment 0.008 0.006 0.003 0.006 0.008 0.006 
       
Total Score 0.477 0.415 0.495 0.362 0.415 0.41 
Performance percentage 
compared to benchmark 
0.68 0.60 0.72 0.52 0.60 0.59 
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Figure 73 - Consolidated comparison of organizational weighted performance 
scores 
 
 
Figure 74 – Comparative weighted organizational performance scores 
Thus, it is apparent from Figure 72, Figure 73 and Figure 74, that the KPIs with the most 
focus pertaining to their performance are Customer Satisfaction Rates, GHG Emission 
Rates, Labour Efficiency, Customer Retention, Quality of Employee Life and 
Governmental Regulations. This is judging by the scores that the organizations had given 
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to themselves on each of these KPIs and their perceived performance as such. Not only 
this, it is also interesting to note that Return On Investment (ROI) has a high degree of 
variance, as have Investment Costs and Waste Management.  
Using the following lookup formulae, the scores were normalized from numerical values 
of 0-5 to their corresponding decimal value, which were included in a table for 
corresponding values. 
=IF(D6=$O$12,$P$12,IF(D6=$O$13,$P$13,IF(D6=$O$14,$P$14,IF(D6=$O$15,$P$1
5,IF(D6=$O$16,$P$16,IF(D6=$O$17,$P$17)))))) 
This is further shown in the following diagram; 
 
Figure 75 – TOPSIS application in MS Excel 
The implementation of this yielded the following normalized table, with the negative ideal 
(-ideal) representing the MIN function and the positive ideal (+ ideal) representing the 
MAX function: 
Table 54 – TOPSIS normalized scores table 
  Companies    
KPIs W A B C D E F Goal - ideal + ideal 
Customer Satisfaction Rates 0.0854 0.8 0.6 0.6 0.8 0.8 0.4 Max 0.4 0.8 
Operational Costs 0.0763 0.6 0.8 1 0.6 0.4 0.8 Max 0.4 1 
Investment Cost 0.0725 0.8 0.8 0.8 0.4 0.2 0.6 Max 0.2 0.8 
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Return on Investment 0.0687 0.8 0.6 1 0 0.4 0.6 Max 0 1 
GHG Emission Rates 0.0612 0.6 0.2 0.8 0.4 0.4 0.8 Max 0.2 0.8 
Logistic Cost 0.051 0.4 0.4 0.6 0.6 0.8 0.4 Max 0.4 0.8 
Capacity Utilisation 0.041 0.4 0.6 0.6 0.8 0.8 0.6 Max 0.4 0.8 
Labour Efficiency 0.041 0.6 1 0.6 0.6 0.8 0.8 Max 0.6 1 
Waste Management 0.0367 0.8 0.4 0.4 0.4 0.6 0.2 Max 0.2 0.6 
Injury Prevention 0.026 1 0.6 0.4 0.6 1 0.4 Max 0.4 1 
Resource Utilization 0.0251 0.6 0.6 0.8 0.6 0.4 0.6 Max 0.4 0.8 
Training Rates 0.021 0.8 0.2 0.4 0.2 0.8 0.8 Max 0.2 0.8 
Risk Management 0.0196 0.6 0.4 0.8 0.6 0.6 0.8 Max 0.4 0.8 
Adoption of Safety Practices  0.019 0.8 0.8 0.6 0.6 0.8 0.6 Max 0.6 0.8 
Customer Retention 0.015 1 0.6 0.8 0.8 0.8 0.6 Max 0.6 0.8 
Quality of Employee Life 0.015 0.6 0.8 0.6 0.6 0.8 0.4 Max 0.4 0.8 
Governmental Regulations 0.0092 0.6 0.6 0.8 0.6 1 0.6 Max 0.6 1 
Management Commitment 0.0079 1 0.8 0.4 0.8 1 0.8 Max 0.4 1 
 
Table 55 – TOPSIS weighted normalized scores 
  Companies    
KPIs W a b c d e f Go
al 
 - i
de
al 
 + 
ide
al 
Customer Satisfaction Rates 0.0854 0.068 0.051 0.051 0.068 0.068 0.034 Max 0.0340 0.0680 
Operational Costs 0.0763 0.046 0.061 0.076 0.046 0.031 0.061 Max 0.0310 0.0760 
Investment Cost 0.0725 0.058 0.058 0.058 0.029 0.015 0.044 Max 0.0150 0.0580 
Return on Investment 0.0687 0.055 0.041 0.069 0 0.027 0.041 Max 0.0000 0.0690 
GHG Emission Rates 0.0612 0.037 0.012 0.049 0.024 0.024 0.049 Max 0.0120 0.0490 
Logistic Cost 0.051 0.02 0.02 0.031 0.031 0.041 0.02 Max 0.0200 0.0410 
Capacity Utilisation 0.041 0.016 0.025 0.025 0.033 0.033 0.025 Max 0.0160 0.0330 
Labour Efficiency 0.041 0.025 0.041 0.025 0.025 0.033 0.033 Max 0.0250 0.0410 
Waste Management 0.0367 0.029 0.015 0.015 0.015 0.022 0.007 Max 0.0070 0.0220 
Injury Prevention 0.026 0.026 0.016 0.01 0.016 0.026 0.01 Max 0.0100 0.0260 
Resource Utilization 0.0251 0.015 0.015 0.02 0.015 0.01 0.015 Max 0.0100 0.0200 
Training Rates 0.021 0.017 0.004 0.008 0.004 0.017 0.017 Max 0.0040 0.0170 
Risk Management 0.0196 0.012 0.008 0.016 0.012 0.012 0.016 Max 0.0080 0.0160 
Adoption of Safety Practices  0.019 0.015 0.015 0.011 0.011 0.015 0.011 Max 0.0110 0.0150 
Customer Retention 0.015 0.015 0.009 0.012 0.012 0.012 0.009 Max 0.0090 0.0120 
Quality of Employee Life 0.015 0.009 0.012 0.009 0.009 0.012 0.006 Max 0.0060 0.0120 
Governmental Regulations 0.0092 0.006 0.006 0.007 0.006 0.009 0.006 Max 0.0060 0.0090 
Management Commitment 0.0079 0.008 0.006 0.003 0.006 0.008 0.006 Max 0.0030 0.0080 
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Table 56 – TOPSIS scores 
  Companies    
KPIs W A B C D E F Go
al 
- id
ea
l 
+ i
de
al 
Customer Satisfaction 
Rates 0.0854 4 3 3 4 4 2 Max 2 4 
Operational Costs 0.0763 3 4 5 3 2 4 Max 2 5 
Investment Cost 0.0725 4 4 4 2 1 3 Max 1 4 
Return on Investment 0.0687 4 3 5 0 2 3 Max 0 5 
GHG Emission Rates 0.0612 3 1 4 2 2 4 Max 1 4 
Logistic Cost 0.051 2 2 3 3 4 2 Max 2 4 
Capacity Utilisation 0.041 2 3 3 4 4 3 Max 2 4 
Labour Efficiency 0.041 3 5 3 3 4 4 Max 3 5 
Waste Management 0.0367 4 2 2 2 3 1 Max 1 4 
Injury Prevention 0.026 5 3 2 3 5 2 Max 2 5 
Resource Utilization 0.0251 3 3 4 3 2 3 Max 2 4 
Training Rates 0.021 4 1 2 1 4 4 Max 1 4 
Risk Management 0.0196 3 2 4 3 3 4 Max 2 4 
Adoption of Safety 
Practices  0.019 4 4 3 3 4 3 Max 3 4 
Customer Retention 0.015 5 3 4 4 4 3 Max 3 5 
Quality of Employee Life 0.015 3 4 3 3 4 2 Max 2 4 
Governmental Regulations 0.0092 3 3 4 3 5 3 Max 3 5 
Management Commitment 0.0079 5 4 2 4 5 4 Max 2 5 
 Score 0.66 0.52 0.74 0.34 0.43 0.54    
 
Subsequently, Company A had the highest overall performance rating score of 
0.66 while company D had the lowest of 0.34. Furthermore, within the written 
commentary, the following messages were communicated, which outline viable feedback 
for the DSS and indicates directions for future developments of this DSS. Primarily, the 
key issues identified revolved around the definition of the KPIs and the ranking scale, as 
the subjectivity of its interpretation could lead to impaired consistency, either within an 
organization, across departments, across the supply chain and invariably across the 
industry. 
Additionally, of the comments raised by the respondents, a main issue was the 
ambiguity of compliance standards and regulations, in terms of which ones are mandatory 
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for the organization to adhere to and who outlines which regulations are more important 
or better. Organizations have outlined the importance for them to constantly evaluate 
performance and progress. However, an imperative point to note is the vagueness of 
sustainability and its implementation, across organizations from different industrial and 
national backgrounds.  
- Step 6: Hypotheses shaping 
Considering the accumulated results and their analysis, it would be clear which 
organizational KPIs and theories play an integral role in the implementation of SSCM. 
These findings would facilitate the theorization and development of hypotheses regarding 
the policymaking for SSCM implementation, as well as the focal areas for such 
policymaking.  
- Step 7: Enfolding literature 
Interestingly, the subsequent section stems beyond the results, to corroborate them with 
existing literary findings. As such, the DSS must be hinged on the criteria outlined by 
Fleisher & Bensoussan (2002) thus it handles each of the acronyms of FAROUT as 
follows: 
o Future-Oriented 
The DSS is hinged on assessing current performance levels while providing 
advice on problem areas and key focal points for implementation and 
incorporation within the organization.  
o Accurate 
The DSS is based on data collected from both literature and practice through 
a number of rigorous methodologies that have been amalgamated for the 
provision of an importance weightage for each KPI and identifying the most 
important KPIs. Subsequently, the DSS is based on self-evaluation by the 
organization and thus maintains accuracy and validity. A key concern that has 
been vocalized by managers during the cases was the reliability of the system, 
given that various organizations interpret concepts differently as well as the 
subjectivity of the ranking scores due to the differing nature of industry, 
business type and regulations to which they adhere. However, this is a 
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problematic gap that this research strives to resolve, yet this DSS bridges this 
gap through giving autonomy to organizational managers to further utilize and 
develop this platform according to their interpretations and requirements.  
o Resource-Efficient 
Striving to utilize the resources and make the most efficient use of them.  
o Objective 
Hinged on both literature and practice, with no affiliation to any industry, 
geographic location or governing agency, this DSS provides an objective 
assessment of the organizations’ sustainability implementation across their 
supply chains, yielding information that can be utilized to facilitate 
strategization and organization-specific interpretation.  
o Useful 
Aside from providing a tool that is hinged on KPIs from both literature and 
practice, alongside the autonomous self-evaluation algorithm therein, this 
DSS supports managers in assessing their performance levels of sustainability 
implementation across their supply chain and based on a benchmark. 
Furthermore, the tool could be used at various time intervals to assess the 
developments of the strategic decisions and inputs from the managers into the 
organization, thus aiding more than just mere performance evaluation, to 
facilitate the assessment of strategic decision-making implementation. 
o Timely 
The utilization of the DSS is based on what the organization interprets to be a 
useful time for performing the analysis. As such, the autonomy provided with 
this tool facilitates the managers’ strategization in a manner that suits their 
organization. Not only this, the tool is malleable such that it can be easily 
incorporated within organizational self-assessment exercises and the results 
can be interpreted as being deemed suitable to the organization’s strategic 
direction. 
Subsequent to the organizational evaluation using the DSS, they could set direction and 
objectives through their strategisation.  
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- Step 8: Theoretical saturation, closure and contribution 
Through the development of the DSS and its pilot-testing with these organizations, it 
facilitates the identification of the key organizational KPIs and their overarching theories, 
which play a major role in the implementation of SSCM. Furthermore, this knowledge 
could act as a foundation for further developing policies which could facilitate and drive 
the implementation of SSCM and incorporation of sustainability practices in 
organizations. Thus, contributing to bridging the gap between literature and practice 
further, through the evaluation of the practicality of the KPIs identified from literature 
(SLNA) and from practice (Content Analysis & Text Mining), as well as their weightages 
which had been developed through expert support (MCDA). It is thus imperative for 
organizations to adopt the concepts brought forth through the utilization of the DSS to 
constantly evaluate and improve their supply chain sustainability. As DSS is a data driven 
system, hinged upon the self-evaluation of the organization, one of the strategic 
frameworks for organizations to adopt in order to continuously improve is DMAIC (de 
Mast & Lokkerbol 2012; Foster et al. 2011; Gunasekaran et al. 2001), which is an 
acronym for Define, Measure, Analyse, Improve and Control, and usually utilized within 
the scope of quality management and Six Sigma.  
Through the adoption of this philosophy, the organization would need to Define 
their understanding of sustainability across their supply chain. Subsequently they would 
utilize the DSS developed herein to Measure and evaluate the sustainability across the 
breadth of the organization and its supply chain and identify current performance levels. 
Upon the accumulation of the results, the organization would then Analyze them to 
identify patterns and problem areas while prioritizing them. As per the identified action 
points, the organization would strive to Improve their supply chain sustainability,  
thus leading to the Control element of the framework, wherein the decisions made for 
improvement are sustained and ensured for compliance and continuous development.  
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6.5. Summary 
 
Upon implementing the case study approach within the application of the DSS 
within organizations, it has facilitated the evaluation and analysis of organizations’ 
supply chain sustainability. As had been identified by Corbett-Etchevers & Mounoud 
(2011), it is imperative for ideas to be adopted from the institutional environment, 
developing policies and further facilitating what is known as “practice as knowing”, 
wherein the policies are utilised to facilitate practice within the institutions. Subsequently, 
the managers should expect from this DSS to provide an evaluation of their sustainability 
KPIs and to identify whether they are focusing on the KPIs that had been identified as 
the most imperative for sustainability implementation or not. This yields an overall score 
that allows the organization to measure its performance against the benchmark, while 
identifying which KPIs require further focus and attention. This was through on a DSS 
which had a backbone of KPIs and organizational theories, that were identified from 
Literature through an SLNA and from practice through Text Mining and Content 
Analysis. The KPIs were weighted as per the feedback provided by worldwide experts 
and measured as per the utilization of Multi-Criteria Decision Analysis (MCDA). 
Subsequently, it has become apparent that organizations’ performance is within the range 
of 0.34 – 0.74, with a key focus on Customer Satisfaction Rates, GHG emission rates, 
Labour Efficiency, Customer Retention, Quality of Employee Life and Governmental 
Regulations. This is alongside key problem areas lying within Return on Investment, 
Investment Costs and Waste Management, especially with reference to the high degree 
of variance. It is interesting to note that these results are in line with the earlier 
conclusions of this research, wherein it is established that organizations strive to appease 
their stakeholders through their communication channels such as annual and 
sustainability reports. The usefulness of this system has been identified through the case 
studies and the utilization of the responses in assessing the practicality and usefulness of 
the DSS. The comments and feedback provided facilitate the evaluation of the DSS in a 
practical manner as well as providing points for future development of the DSS and 
directions for the research.  
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Chapter VII 
~ Conclusion and Future Work ~ 
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7.1. Conclusion 
This chapter aims to provide insight into the conclusions accumulated throughout this 
research alongside the foreseen future research directions, outlined limitations and the 
implications for both managers and academia. This research aimed to establish a Decision 
Support System to aid managers in assessing their supply chain sustainability and 
deciding on how best to implement SSCM. Stemming from a literature review that was 
conducted using SLNA, a gap was identified which necessitated bridging literature and 
practice. Subsequently the reports of top global organizations were evaluated using Text 
Mining, and the identified KPIs were weighted using MCDA.  
Having identified that GSCM and SSCM are used interchangeably, this research 
has reviewed the methodologies of some of the most important papers in the field of 
SSCM and GSCM, and provided some insights into the methodologies utilized. 
Consequently, it is important that future researchers extrapolate and build upon the 
findings highlighted in this research. Future research could also assess the extent of 
application of each of the theories within organizations and perhaps present a metric that 
can be used to assess the extent of application of theories within the organizational context. 
This is with the aim of establishing a combined comprehensive review of all the 
methodologies employed in the field of SSCM and GSCM as this would formulate a 
cornerstone in the structure of future research and create a guiding principle which could 
be referenced for articles relating to each methodology in the field. This can also be 
instrumental in helping researchers better grasp the approaches and constructs as they 
strive to establish an all-encompassing definition for both SSCM and GSCM. 
In conclusion, the following sums up all the points mentioned herein in a manner 
that presents the theoretical underpinnings (KoTs), alongside their interrelationships with 
the KPIs, across the four theoretical domains outlined and their influence throughout the 
Triple-Bottom-Line (TBL) layers and organizational decision-making levels. It is visible 
how the organizational upper echelons operating within the strategic decision-making 
level provide guidance, support and expectations which are communicated to the 
operational decision levels of the organization. The transparencies also allow for the 
visualization of the interrelationships of the KoTs and the KPIs across the different TBL 
layers of the organizational Decision-Making levels. Meanwhile, the bottom layers of the 
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organization render in an upwards direction the feedback about the SSC implementation 
alongside the enhancement for the KPIs. This is with the overarching objectives; 
- Reduce consumption of non-renewable sources 
- Reduce Waste reduction 
- Maintain a Circular economy  
- Maintain society and market 
- Consider all multiple perspectives across organization 
It has thus become apparent that through the four key theoretical domains, the key 
organizational theories branch together as depicted by the tree theory. Each of the KoTs 
can be related to some pertinent KPIs that have been collated from both literature (via a 
Systematic Literature Network Analysis) and from practice (via Text Mining and Content 
Analysis of corporate reports), alongside key organizational theories (KoTs), barriers, 
drivers and interpretations of SSCM. The KPIs were subsequently weighted and 
prioritized using experts’ opinions via Multi-Criteria Decision Analysis methods. The 
weights were afterwards utilized for the development of a Decision Support System 
which was piloted by seven organizations and their feedback accumulated. This research 
has strived to utilize the combination of novel methodological approaches to respond to 
the research question and tackle the research objectives specified from the outset, the 
overall perspective and flow of which are further presented in Figure 76.  
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Figure 76 – Detailed structure of research 
This research culminated in a DSS, which had a backbone of KPIs which were 
identified from literature through an SLNA, and from practice through Text Mining and 
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Content Analysis. The KPIs were weighted per the feedback provided by worldwide 
experts and measured using MCDA. Upon the amalgamation of all the methods outlined 
within this research, with the aim of identifying reasons for the existence of a gap as well 
as establishing an all-inclusive definition of SSCM – which the literature is currently 
lacking – this research has provided an exploration into novel methodology within the 
field. This research started with the SLNA, which facilitated the realization of the 
influential papers, the number of publications and the countries which publish the most 
in SSCM literature. As well as establishing a platform to develop an all-encompassing 
definition for SSCM, which could contribute to the literature and to practitioners, by 
providing a criteriology for SSCM practices implementation, identifying the benefits and 
drivers as well as the barriers. 
Key Organizational Theories (KOTs) were identified based on their association 
with KPIs, as established from literature and practice (in earlier stages), and developed 
an understanding of how organizational theories exist within the practical environment. 
These KoTs were then utilized to develop a unifying framework, showing the key 
organizational theories in SSCM, their interrelationships with one another, and the roles 
they each play. This is presented as the “Tree Perspective of Sustainability”, which shows 
the interrelationships between different theories, and the most important organizational 
theories that need to be taken into consideration for SSCM implementation and 
assessment, therefore contributing to the literature through the identification of the 
definition of SSCM as well as setting the precedent and cornerstone for future academic 
and assessment research.  
The outcomes of SLNA and Text Mining were then utilized in the development 
of a data collection instrument (survey) for the acquisition of experts’ opinions through a 
Multi-Criteria Decision Analysis (MCDA) approach, hinged on a 4-level hierarchy based 
on Values Focused Thinking (VFT), Fuzzy Analytical Hierarchical Process (FAHP), 
Fuzzy Technique of Order Preference by Similarity to Ideal Solution (FTOPSIS) and 
aided by Total Interpretive Structural Modeling (TISM). The survey was created and 
administered in an online format through the “Onlinesurveys” portal, to prioritize, weight 
and model the values of the identified KPIs according to practitioners and experts’ 
opinions from around the world. Thus, the weightages and ranks of the KPIs were 
identified along with the theoretical relationships of each of the KPIs, as well as their 
corresponding organizational theories. The weights and models from the MCDA were 
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then combined and used to develop a Decision Support System (DSS) in the form of a 
Microsoft Excel Spreadsheet that could subsequently be converted into an SQL form to 
be uploaded to an online server. The purpose of DSS was to aid managers through a self-
assessment guide of understanding their sustainability performance, to identify problem 
areas and suggest approaches to facilitate a better implementation of sustainability within 
the organization. 
7.1.1. Benefits & drivers for SSCM 
Several motivational drivers exist; factors motivating firm implementing 
environmental practices within an organization, which should be explored as the 
comprehension of these underlying reasons could contribute to the establishment of 
suitable regulations that aid organizations in overcoming barriers and obstacles. These 
reasons might also include: ecological responsibility, legitimacy, or competitiveness or 
pressures from corporate stakeholders. Other factors include product design, production 
processes/flow, packaging and environmental objectives and compliance as well as ISO 
14000 certification and internal environmental management. From an economic 
perspective, researchers have always strived to reach the optimum circumstances under 
which it would be feasible to go green, as well as being a great way for organizations to 
reach a competitive advantage while satisfying many customers who exert pressure on 
the organization for improved environmental performance.  
The belief that an inherent tradeoff between being environmentally friendly and 
being profitable is ill-founded. Not only this, financial Return On Investment (ROI) as 
well as reverse logistics, supply chain efficiency, corporate responsibility and government 
compliance are also benefits and drivers for green initiatives. It has been further identified 
that improving the value of a brand, reducing the resource misuse, compliance with 
governmental and international standards and regulations, are also constituents for driving 
GSCM implementation. It has also become apparent that triple bottom line aspects, 
although integral to sustainability, need not all be implemented to the same degree within 
the focal organization, as the mixture of implementing each of these aspects to various 
degrees benefits the organizations in varying levels depending on their market and 
objectives which drive their decisions and their operating and technical standards. Further 
drivers have been identified and are outlined in the following subsections. 
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 Positive Impact on Financial Performance: It is still perceived that implementing 
SSCM involves significant financial expenditure, which can take its toll on 
organizational financial performance. This is a myth that has manifested due to 
organizational inertia and slow responsiveness. SSCM implementation yields a 
positive long-term impact on financial performance improving the organization’s 
economic and environmental performance. The overall impact on the environment 
yields positive economic benefits to the organization, especially with recycling 
and reuse of materials which reduces procurement and disposal costs.  
 Sustainability of Resources: Incorporating SSCM concepts throughout the supply 
chain and the choice of environmentally friendly resources that contribute to the 
sustainability of natural resources. This is in addition to the reduction of emissions 
of GHG, waste, landfills, pollution and environmental degradation, all of which 
yield positive benefits to the environment and to the sustainability of resources in 
the long term.  
 Lowered Costs/Increased Efficiency: The effective management of resources and 
their sustainability can contribute to reducing overall costs as materials could be 
recycled and reused which would in turn contribute to increasing organizational 
efficiency. 
  Product Differentiation and Competitive Advantage: As the organization 
considers the environment and identifies novel ways to reuse their resources and 
sustain them, this presents its products in a new light. This improves consumer 
perception and generates a competitive advantage within the global marketplace. 
Not only this, but also the facilitation of novel technological advancement, 
materials reuse, and tending for the environment could further propel the 
organization’s global market positioning. Additionally, novel technologies 
dedicated to environmental sustainability can contribute to improved resource 
efficiency and product innovation.  
 Improved Social Performance and Awareness: With the implementation of SSCM 
practices, the organization would inevitably be further involved in dialogue with 
its immediate community. This would contribute to improved social welfare, as 
well as viral marketing through word-of-mouth, which would in turn lead to 
increased global awareness. Subsequently, the organization could be renowned 
for its initiatives, become registered and recognized by several global initiatives, 
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which would lead to improved global promotion alongside a reduction in health 
and safety costs and increased sales for environmentally preferable products. 
 Adapting to Regulation and Reducing Risk: As the organization adopts SSCM 
policies and regulations, they mitigate the risk of non-compliance with 
governmental and national policies relating to the environment and the 
marketplace. This is in addition to remaining ahead of the regulatory fluctuations, 
causing the company to be ahead of the legal framework and become proactive 
rather than reactive, while facilitating organizational learning. This could in turn 
contribute to tackling organizational hostility towards SSCM practices, through 
leading by example. However, many companies strive to appease their 
stakeholders, which drives them to implement sustainability while conforming to 
regulations and requirements. The following stakeholders have been identified as 
the key ones: 
o External Primary Stakeholders: Domestic & International Suppliers, 
Domestic & International Customers.  
o Secondary Stakeholders: ENGOs, international agreements, international 
& domestic rivals.  
o Internal Primary Stakeholders: financial institutions, employees, 
shareholders. 
o Regulatory Stakeholders: local public agencies, national & regional 
governments. 
 
7.1.2. Barriers for SSCM 
It has become apparent based on the analysis of the literature and the applications within 
practice that the implementation of SSCM is one that is fraught with numerous difficulties, 
issues and barriers. However, overcoming these barriers is important for the successful 
implementation of SSCM. Such barriers include a lack of clear understanding of SCCM, 
legislation conflicts, misaligned stakeholder incentives, lack of environmental norms, 
high costs of implementation, high level of ambiguity, lack of consensus, managerial 
integration issues, market education, and supplier relationships. 
As can be seen, numerous barriers exist, and the list expands exponentially. However, 
these barriers need to be overcome for SSCM to be implemented successfully in an 
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organization’s supply chain. As such, it is important that organizations identify the areas 
which need to be focused upon, as facilitated by the DSS developed within this research, 
and strive to overcome the barriers within each of these areas. This raises the question of 
the implications of this research, which will be discussed next. 
 
7.2. Implications 
The outcome of this research has implications for both academics and managers, 
contributing to bridging the gap between the organizational perspective, and building 
upon information acquired from research. In addition, this research has set milestones in 
the direction towards further research and developments through the meshing of both 
literature and practice across the spectrum of methodological approaches used.  
The outcomes from this approach have facilitated the identification of the most 
influential KPIs for managers to focus on when adopting Sustainable Supply Chain 
practices within their organizations. This has also established the cornerstone for the 
development of a Decision Support framework and system that could help organizations 
assess their sustainability, identify the most important KPIs they need to work on and a 
Decision Support Framework for resolving problem areas, guiding them to the 
implementation of a more sustainable supply chain.  
As has been identified, conversion from a traditional to a sustainable supply chain 
is fraught with difficulties and decisions which coincide with cultural obstacles, as well 
as a wavering managerial commitment. This hinders the process, and a spirit of 
cooperation and respect within the organization, as well as across the supply chain, is 
necessary to fuel the conversion to sustainability. The conversion stems from a top-down 
managerial approach, starting with management commitment to the cause accompanied 
by comprehension and awareness of all requirements. This is followed with careful 
analysis and evaluation of the major processes and elements that require conversion 
across the supply chain. It is imperative to acknowledge the important role that employees 
play in the conversion process, and thus this asset should be further harnessed and 
developed to support the sustainability initiatives, as well as disseminating them 
throughout the organization. The conversion should be adopted in a gradual process that 
spans the organization and supply chain simultaneously, however, metrics and analyses 
should be conducted rigorously throughout in facilitation of a smooth transition. Thus, 
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the establishment of regulations and protocols for the implementation of sustainability 
(both within the organization and across the supply chain), plays an important role in the 
implementation process. These should be developed in congruence with measures and 
standards outlined by regulatory bodies and agencies, to ensure compliance with the latest 
regulations and metrics. 
This approach has set the precedent for future researchers to consider ways that 
the most influential and most important of KPIs can be adopted and further developed for 
implementation within organizational sustainable supply chain initiatives. There is a need 
for a structure to this approach, given the variation due to industry, domicile …etc. This 
has bridged the gap between academicians and practitioners as the research has built on 
literature and corporate reports to develop the framework utilized herein and extend 
beyond current literary developments. Building upon these findings and extrapolating 
them would facilitate the development of a model to identify the most influential 
theoretical perspectives that organizations integrate and focus upon within their 
sustainability practices and sustainable supply chains. Thus, the implications in terms of 
novelty and contribution can be summed up as follows: 
A: Theoretical 
 Utilisation of SLNA for uncovering research gaps while developing literary 
understanding of SSCM. 
 Amalgamation of SSCM understandings from literature (SLNA), Practice (Text 
Mining & Content Analysis) and experts’ opinions (MCDA). 
 Resource Dependence, Natural Resource Based View, and Institutional Theories 
are at the forefront of organizational implementation of sustainability. 
 The development and presentation of a KoTs unifying framework based on 
Ecological Modernization Theory, to demonstrate the most influential among 
various theories used in SSCM and their interrelationships. 
 Novel application of hybrid MCDA methodologies including VFT, FAHP, 
FTOPIS & TISM to identify the ideal combination of most influential KPIs for 
SSCM implementation. 
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B: Practice 
 This research has proposed a DSS that is hinged on KPIs identified from literature 
and practice, and weighted by experts in the field.  
 Organizations focus more on KPIs that are less important than the more influential 
KPIs for SSCM, with focus on Customer Satisfaction Rates, GHG emission rates, 
Labour Efficiency, Customer Retention, Quality of Employee Life and 
Governmental Regulations. 
 Key problem areas for SSCM implementation lie within Return On Investment, 
Investment Costs and Waste Management, especially with reference to the high 
degree of variance between organizational respondents in this research. 
 Environmental Risk Analysis and Environmental Standards for Suppliers are 
pivotal activities in influencing organizational implementation of sustainability. 
7.3. Limitations & Future Directions 
Although this research strived to utilize novel methodologies as its building blocks, 
in an endeavour to develop a DSS for SSCM, they were fraught with limitations which 
hinder the perceived application of the research outlined herein. This section shall discuss 
the limitations identified in this research, in the order these appeared throughout the 
various stages of this study. 
SLNA: Starting with the SLNA research methodology employed herein, it is time 
consuming due to converting files from different database formats and graphically 
mapping them. Moreover, although the utilization of various programs could be deemed 
as an advantage, it increases the risk of type II error. Not only this, but there are also 
several limitations which have been identified by Gimenez and Tachizawa (2012), such 
as the databases used, the keyword generation algorithm and subjective article selection, 
all of which were encountered. Additionally, there were limitations to the number of 
articles that could be analysed and reviewed due to software limitations (such as 
Harzing’s Publish or Perish software being limited to 1000 articles from Google Scholar). 
This research has been limited to the confinements of work within the English Language; 
while being a global language, especially among Multi-National Corporations (MNCs), 
there still is plenty of research conducted in Languages Other Than English (LOTE) 
which have been omitted, and could contribute significantly to the progression of the field. 
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Hence this research might overlook some influential articles that may exist in other 
languages or be bi-lingual but are listed under a non-English title. Tapping into LOTE 
research could facilitate the uncovering of what some companies are saying in different 
countries, and could make a valuable contribution to the topic of regulatory compliance 
for sustainability implementation, especially on a more international basis. Thus, there is 
room for further development within the realms of the methodology employed herein to 
incorporate these. Moreover, as has been outlined earlier, companies may be striving to 
appease their stakeholders with CSR reports that present them in a certain manner.  
 
Text Mining: Moving onto the Text Mining section, subjective coding is a 
limitation, as it is time consuming thus once again limits the amount of reports that could 
be analysed within the scope of this research. Moreover, the lack of an existing 
standardized format for Corporate Sustainability Reports hindered the comparison across 
the cases and impeded the research process. Another limitation is the extent of analysis 
conducted on the reports, which could have been extended further to incorporate semantic 
and empathetic interpretations from within the corporate reports. Furthermore, this 
research focused on online reports, which could be deemed a limitation, especially as 
many organizations publish written reports on a more regular basis, and often corporate 
websites may not be frequently updated. However, it is believed that most organizations 
that strive to implement sustainability within their organizations would meet some of the 
international reporting standards (obligatory and voluntary), which would necessitate 
their utilization of an online report to establish a global presence and communication to 
their stakeholders.  
MCDA: Subsequently comes the utilization of the MCDA tools, a chapter that is 
shrouded in complexity and ambiguity due to the ongoing discussions and debates 
surrounding the approaches used. It is sufficient to outline that many of the heuristic and 
evaluative methodologies that exist within the realm of Decision Sciences could be (and 
have been) used either as standalone or amalgamated tools in combination with others. 
With each tool having its own advantages and disadvantages as well as various 
approaches and evaluative techniques for each. It is believed that the chosen approaches 
and methods were deemed suitable for the objective of this research.  
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One of the most pertinent limitations that occurs with any survey analysis is the 
low response rate. This could have been attributed to the lengthiness of the survey, as well 
as survey fatigue that many organizations have suffered from, such that quite a number 
responded to the survey email invitation outlining that they receive numerous survey 
requests daily and have thus adopted policies that prevent their staff from responding to 
such enquiries. This was further enhanced upon by other organizations who insisted that 
all necessary information was present on their websites and that there would be no need 
to further discuss any aspects of the organizations with researchers. Another limitation 
that hindered this research was the wording of the survey, which required simplification 
to a more general standard, but proved difficult due to the nature of the pairwise 
comparisons embedded within the survey. As was identified by Patton & Appelbaum 
(2003), the research is influenced by the researcher’s bias accompanied by the interactions 
with gatekeepers and informants. Wherein, the former operates the communication 
channels between the researcher and the organization, and has perhaps hindered the 
progression of this research further through barricading access to it, while the latter 
reflects the individuals, who can pave the way for information acquisition, but these 
required personal contacts which may not have all been present at the time of the research. 
Theorization: Subsequently, came the theorization of the tree perspective. The 
key limitation within this approach is the utilization of ecological concepts alongside 
grounded theory, which has yielded results hinged on personal interpretations of the 
researcher and the experts in the field. It would be worth further developing this approach 
to offset more KPIs and KoTs, as well as to further validate the choices made.  
This research contributes to minimizing the gap between researchers and 
practitioners through facilitating the development of conversations on SSCM, while being 
hinged upon novel methodologies that entwine theory with practice. There is significant 
room for improvement and development, with many a limitation identified. Hopefully the 
ideas mentioned herein could be built upon and developed in future research, to the extent 
that a theory of sustainability and/or sustainable supply chains would materialize within 
the near future.  
This research could be further built upon using the concepts applied herein within 
a big-data system that would monitor real-time progress and development of 
sustainability initiatives within the organization. When coupled with the potential 
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extrapolation of this research by analyzing the impact of further KPIs, perhaps in 
collaboration with an entity that sets the standards for assessment of sustainability and 
establishes a guideline for the structuration of CSR reports, this could propel this research 
further into the realm of benefit and further bridge the gap between theory and practice. 
Perhaps the application of the models and methods employed herein on a larger scale of 
KPIs that result from a combination of KPIs from literature, sustainability reports, 
sustainability initiatives and surveys could render us one step closer to a more complete 
and perfect assessment tool that could facilitate the standardization of reports. 
Furthermore, an extension via organizational and behavioural studies on stakeholders and 
managers involved within the decision-making process may be needed to ascertain the 
dynamics of their involvement within SSCM implementation. There is a need for 
interdisciplinary work as some of the pollution problems, for example, of organizations 
could be addressed by microbiological and ecological research that could contribute to 
improved sustainability at lower costs.  
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Appendix B – Survey Questionnaire Form 
We would like to express our sincere appreciation for your kind time to helping us in our research for the purpose 
of identifying the most influential aspects and elements for Sustainable Supply Chains. Your responses will help 
us to develop a DSS which we hope will bridge the gap between practitioners and academics, contributing to the 
greening of manufacturing organizations and hopefully making the world a better place. 
~ Section I ~ 
For each of the questions below, please rank the KPIs by order of importance according to your personal values.  
0 = not important at all (irrelevant), the higher the number, the greater the importance. 
  Key Performance Indicator  Code  Description 
 
Rank 
 
Eco
no
mi
c 
  Operational 
Operational costs  EO1  Costs of running operations   
Customer satisfaction rates  EO2  Rates of customer satisfaction   
Production Efficiency  EO3  Efficiency of production rates   
Inventory costs  EO4  Costs of inventory holding   
Production flexibility  EO5  Flexibility of production processes   
Strategic 
Investment costs  ES1  Costs of investment in sustainability   
Supplier Selection  ES2  Decisions  relating  to  selection  of 
suppliers 
 
Logistics Costs  ES3  Costs  related  to  logistics  and 
transportation 
 
Tactical 
Return on investment  ET1  Return on Investment (ROI) rates   
Capacity utilization  ET2  The utilisation of the facilities’ capacity   
Perceived value of product  ET3  The perceived value of the product   
En
vir
on
me
nta
l 
Operational 
Greenhouse gas emission rates  ENO1  GHG emissions from facilities   
Noise rates  EN02  Noise rates causing disturbance   
Waste Management  ENO3  Management of the waste    
Strategic 
Innovation & improvement  ENS1  Innovation & improvement of processes 
and products 
 
Planning and Product Design  ENS2  Designing  the  products  and  planning 
their production 
 
Compliance to regulations  ENS3  Organizational adherence to regulations   
Environmental Quality management  ENS4  Managing  quality  with  attention  to 
environment 
 
Governmental Regulations  ENS5  Regulations  imposed  by  governmental 
bodies 
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Management Commitment  ENS6  Commitment of management to causes   
Tactical 
Resource Utilization   ENT1  The utilisation of all resources   
Risk Management  ENT2  The management for risks   
Reverse Logistics  ENT3  Operations  based  on  reusing  products 
and materials 
 
Soc
ial 
Operational 
Labour efficiency  SO1  Efficiency  of  labour  employment  and 
production 
 
Injury prevention  SO2  Preventative precautions within facilities   
Stakeholders involvement  SO3  Involvement  of  stakeholders  within 
organization 
 
Strategic 
Employment creation rates  SS1  Rate  of  new  job  creation  and  hiring 
cycles 
 
Training Rates  SS2  Rate  of  employee  developmental 
trainings 
 
Adoption of Safety Practices  SS3  Safety  practices  implemented  within 
organization 
 
Tactical 
Customer Retention  ST1  Rate of customer retention and turnover   
Labour Equity  ST2  Equality and diversity in employment   
Quality of employee life  ST3  Employee life‐quality balance   
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~ Section II ~ 
For each of the Key Performance Indicators below, please select the response that best 
characterizes the importance of each item to your organization: 
Economic KPIs 
S. 
No. 
Element 
No.  
Paired Comparison of Elements Y/N In what way an Element 
will influence/enhance 
other Element?  
1. ECO1-
ECO2 
Operational Costs will influence or enhance 
Customer Satisfaction Rates 
  
2. ECO1-
ECO3 
Operational Costs will influence or enhance 
Production Efficiency 
  
3. ECO1-
ECO4 
Operational Costs will influence or enhance 
Inventory Costs 
  
4. ECO1-
ECO5 
Operational Costs will influence or enhance 
Production Flexibility 
  
5. ECO2-
ECO3 
Customer Satisfaction Rates will influence or 
enhance Production Efficiency 
  
6. ECO2-
ECO4 
Customer Satisfaction Rates will influence or 
enhance Inventory Costs 
  
7. ECO2-
ECO5 
Customer Satisfaction Rates will influence or 
enhance Production Flexibility 
  
8. ECO3-
ECO4 
Production Efficiency will influence or enhance 
Inventory Costs 
  
9. ECO3-
ECO5 
Production Efficiency will influence or enhance 
Production Flexibility 
  
10. ECO4-
ECO5 
Inventory Costs will influence or enhance 
Production Flexibility 
  
11. ECS1-
ECS2 
Investment Costs will influence or enhance 
Supplier Selection 
  
12. ECS1-
ECS3 
Investment Costs will influence or enhance 
Logistics Costs 
  
13. ECS2-
ECS3 
Supplier Selection will influence or enhance 
Logistics Costs 
  
14. ECT1-
ECT2 
Return on Investment will influence or enhance 
Capacity Utilisation 
  
15. ECT1-
ECT3 
Return On Investment will influence or enhance 
Perceived Value of Product 
  
16. ECT2-
ECT3 
Capacity Utilisation will influence or enhance 
Perceived Value of Product 
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Environmental KPIs 
S. No. Element 
No.  
Paired Comparison of Elements Y/N In what way an Element will 
influence/enhance other 
Element?  
1.  ENO1-
ENO2 
Greenhouse gas emission rates will 
influence or enhance Noise rates 
  
2.  ENO1-
ENO3 
Greenhouse gas emission rates will 
influence or enhance Waste Management 
  
3.  ENO2-
ENO3 
Noise rates will influence or enhance Waste 
Management 
  
4.  ENS1-
ENS2 
Innovation & improvement will influence or 
enhance Planning and Product Design 
  
5.  ENS1-
ENS3 
Innovation & improvement will influence or 
enhance Compliance to regulations 
  
6.  ENS1-
ENS4 
Innovation & improvement will influence or 
enhance Environmental Quality 
management 
  
7.  ENS1-
ENS5 
Innovation & improvement will influence or 
enhance Governmental Regulations 
  
8.  ENS1-
ENS6 
Innovation & improvement will influence or 
enhance Management Commitment 
  
9.  ENS2-
ENS3 
Planning and Product Design will influence 
or enhance Compliance to regulations 
  
10.  ENS2-
ENS4 
Planning and Product Design will influence 
or enhance Environmental Quality 
management 
  
11.  ENS2-
ENS5 
Planning and Product Design will influence 
or enhance Governmental Regulations 
  
12.  ENS2-
ENS6 
Planning and Product Design will influence 
or enhance Management Commitment 
  
13.  ENS3-
ENS4 
Compliance to regulations will influence or 
enhance Environmental Quality 
management 
  
14.  ENS3-
ENS5 
Compliance to regulations will influence or 
enhance Governmental Regulations 
  
15.  ENS3-
ENS6 
Compliance to regulations will influence or 
enhance Management Commitment 
  
16.  ENS4-
ENS5 
Environmental Quality management will 
influence or enhance Governmental 
Regulations 
  
17.  ENS4-
ENS6 
Environmental Quality management will 
influence or enhance Management 
Commitment 
  
18.  ENS5-
ENS6 
Governmental Regulations will influence or 
enhance Management Commitment 
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19.  ENT1-
ENT2 
Resource Utilization will influence or 
enhance Risk Management   
20.  ENT1-
ENT3 
Resource Utilization will influence or 
enhance Reverse Logistics   
21.  ENT2-
ENT3 
Risk Management will influence or enhance 
Reverse Logistics 
  
Social KPIs 
S. No. Element 
No.  
Paired Comparison of Elements Y/N In what way an 
Element will 
influence/enhance 
other Element?  
1.  SO1-SO2 Labour efficiency will influence or enhance Injury 
prevention 
  
2.  SO1-SO3 Labour efficiency will influence or enhance 
Stakeholders involvement 
  
3.  SO2-SO3 Injury prevention will influence or enhance 
Stakeholders involvement 
  
4.  SS1-SS2 Employment Creation Rates will influence or enhance 
Training Rates 
  
5.  SS1-SS3 Employment Creation Rates will influence or enhance 
Adoption of Safety Practices 
  
6.  SS2-SS3 Training Rates will influence or enhance Adoption of 
Safety Practices 
  
7.  ST1-ST2 Customer Retention will influence or enhance Labour 
Equity 
  
8.  ST1-ST3 Customer Retention will influence or enhance Quality 
of employee life 
  
9.  ST2-ST3 Labour Equity will influence or enhance Quality of 
Employee life 
  
~ Section III ~ 
For Conducting Fuzzy AHP 
Please select for each of the criterion outlined below which has a greater importance than the 
other when paired together. 
(1) For evaluating performance evaluation of sustainable supply chains, how would you give 
comparatively preference (in terms of linguistic variables) to following criteria? 
 
Triple Bottom 
Line Ab
sol
ute
ly 
Im
por
tan
t 
Ve
ry 
Str
on
gly
 
Im
por
tan
t
Str
on
gly
 
Im
por
tan
t 
Eq
ual
ly 
Im
por
tan
t 
Str
on
gly
 
Im
por
tan
t 
Ve
ry 
Str
on
gly
 
Im
por
tan
t
Ab
sol
ute
ly 
Im
por
tan
t 
 
 
 
Comments 
Economy with respect to Environmental  
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Economy        Environmental  
Economy with respect to Social  
Economy        Social  
Environmental with respect to Social  
Environmental        Social  
 (2) In terms of “Economy”, how would you give comparatively preference (in terms of 
linguistic variables) to the following indicators when assessing sustainability performance? 
  
Economical 
Ab
sol
ute
ly 
Im
por
tan
t 
Ve
ry 
Str
ong
ly 
Im
por
tan
t 
Str
ong
ly 
Im
por
tan
t 
Eq
ual
ly 
Im
por
tan
t 
Str
ong
ly 
Im
por
tan
t 
Ve
ry 
Str
ong
ly 
Im
por
tan
t 
Ab
sol
ute
ly 
Im
por
tan
t 
 Comments 
Operational with respect to Strategic  
Operational        Strategic  
Operational with respect to Tactical  
Operational        Tactical  
Strategic with respect to Tactical  
Strategic        Tactical  
 
 
 (3) In terms of “Environmental”, how would you give comparatively preference (in terms of 
linguistic variables) to the following indicators when assessing sustainability performance? 
 
Environmental 
Ab
sol
ute
ly 
Im
por
tan
t 
Ve
ry 
Str
on
gly
 
Im
por
tan
t
Str
on
gly
 
Im
por
tan
t 
Eq
ual
ly 
Im
por
tan
t 
Str
on
gly
 
Im
por
tan
t 
Ve
ry 
Str
on
gly
 
Im
por
tan
t
Ab
sol
ute
ly 
Im
por
tan
t 
 Comments 
Operational with respect to Strategic  
Operational        Strategic  
Operational with respect to Tactical  
Operational        Tactical  
Strategic with respect to Tactical  
Strategic        Tactical  
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(4) In terms of “Social”, how would you give comparatively preference (in terms of linguistic 
variables) to the following indicators when assessing sustainability performance? 
 
Social 
Ab
sol
ute
ly 
Im
por
tan
t 
Ve
ry 
Str
ong
ly 
Im
por
tan
t 
Str
ong
ly 
Im
por
tan
t 
Eq
ual
ly 
Im
por
tan
t 
Str
ong
ly 
Im
por
tan
t 
Ve
ry 
Str
ong
ly 
Im
por
tan
t 
Ab
sol
ute
ly 
Im
por
tan
t 
 Comments 
Operational with respect to Strategic  
Operational        Strategic  
Operational with respect to Tactical  
Operational        Tactical  
Strategic with respect to Tactical  
Strategic        Tactical  
 
~ Section IV ~ 
Please answer the following questions to the best of your knowledge:  
(1) In your opinion, what do you think are the best practices for Sustainable Supply chain 
implementation that should be disseminated and implemented by organizations? 
(2) In your opinion, what do you think are the best Key Performance Indicators (KPIs) for 
Sustainable Supply chain implementation that should be focused on by organizations? 
(3) In your opinion, what do you think are the best enabling drivers for Sustainable Supply 
chain implementation that should be focused on by organizations? 
(4) In your opinion, what do you think are the biggest barriers for Sustainable Supply chain 
implementation that should be overcome by organizations? 
 
~ Section V ~ 
We would like to thank you for your time and for taking part in this research. If you have 
requested to have the results of this research shared with you, we shall endeavour to provide 
you with them as soon as we can.  
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Appendix C – FAHP Tabular Results 
Table D1 - FAHP consensus indicator for Q5 
Q5 ECO ENV SOC 
Normalized 
Principal 
Eigenvector 
RANK  
Economic - 2.750 3.571 60.90% 1 Consistency Ratio: 0.2% 
Environmental 0.375 - 1.167 21.30% 2 Lambda: 3.001 
Social 0.286 1.167 - 17.70% 3 Consensus: 79.5% 
 
Table D2 - FAHP consensus indicator for Q6 
Q6 - 
Economic OPR TAC STR 
Normalized 
Principal 
Eigenvector 
RANK  
Operational - 3.000 1.250 49.50% 1 Consistency Ratio: 30.3% 
Tactical 0.333 - 2.000 27.49% 2 Lambda: 3.290 
Strategic 0.800 0.500 - 23.01% 3 Consensus: 80.8% 
 
Table D3 - FAHP consensus indicator for Q8 
Q8 - Economic-
Operational 
Op
era
tio
na
l 
Co
sts
 
Cu
sto
me
r 
Sa
tisf
ac
tio
n 
Pr
od
uc
tio
n 
Eff
icie
nc
y 
Inv
en
tor
y 
Co
sts
 
Pr
od
uc
tio
n 
Fle
xib
ility
 
N
or
m
al
iz
ed
 
Pr
in
ci
pa
l 
Ei
ge
nv
ec
to
r
Ra
nk
 
 
Operational Costs - 1.44 0.85 2.57 1.44 25.38% 2  
Customer 
Satisfaction Rates 0.67 - 2 2.777778 2 27.84% 1  
Production 
Efficiency 1.17 0.5 - 2 2.71 23.51% 3 Consistency Ratio:5.1% 
Inventory Costs 0.4 0.33 0.5 - 1.85 12.01% 4 Lambda: 5.230 
Production 
Flexibility 0.67 0.5 0.375 0.57 - 11.27% 5 Consensus: 63.6% 
 
Table D4 - FAHP consensus indicator for Q10 
Q10 Investment Cost 
Supplier 
Cost 
Logistic 
Cost 
Normalized 
Principal 
Eigenvector 
Rank  
Investment 
Cost - 1.89 1.33 44.10% 1 Consistency Ratio:0.3% 
Supplier 
Cost 0.5 - 0.83 24.60% 3 Lambda: 3.003 
Logistic 
Cost 0.75 1.2 - 31.30% 2 Consensus: 
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Table D5 - FAHP consensus indicator for Q12 
Q12 Return on Investment 
Capacity 
Utilisation 
Perceived 
Value of 
Product 
Normalized 
Principal 
Eigenvector 
Rank  
Return on 
Investment - 1.75 2.20 49.00% 1 
Consistency Ratio: 
0.2% 
Capacity 
Utilisation 0.57 - 1.57 29.40% 2 Lambda: 3.002 
Perceived 
Value of 
Product 
0.50 0.71 - 21.50% 3 Consensus: 68.8% 
 
Table D6 - FAHP consensus indicator for Q13 
Q13 ENV Operational 
ENV 
Tactical 
ENV 
Strategic 
Normalized 
Principal 
Eigenvector 
Rank  
ENV 
Operational - 2.22 2.38 53.26% 1 
Consistency Ratio: 
0.37 
ENV 
Tactical 0.44 - 1.40 26.18% 2 Lambda: 3.008 
ENV 
Strategic 0.43 0.71 - 20.56% 3 Consensus: 66.2% 
      CR: 0.8% 
Table D7 - FAHP consensus indicator for Q15 
Q15 
GHG 
Emission 
Rates 
Noise 
Rates 
Waste 
Management 
Normalized 
Principal 
Eigenvector 
Rank  
GHG 
Emission 
Rates 
- 5.33 1.50 55.40% 1 Consistency Ratio: 0.37 
Noise Rates 0.20 - 0.38 11.30% 3 Lambda: 3.006 
Waste 
Management 0.67 2.71 - 33.30% 2 Consensus: 82.3% 
 
Table D8 - FAHP consensus indicator for Q17 
Q17 
Inn
ov
ati
on
 & 
 
Im
pro
ve
me
nt 
Pla
nn
ing
 & 
Pr
od
uc
t  
De
sig
n 
Co
mp
lian
ce
 to
  
Re
gu
lat
ion
s 
En
vir
on
me
nta
l 
Qu
ali
ty
Go
ve
rnm
en
tal
 
 Re
gu
lat
ion
s 
Ma
na
ge
me
nt 
 
Co
mm
itm
en
t 
Normalized Principal 
Eigenvector Rank  
Innovatio
n &  
Improvem
ent 
- 1 0.875 
1.1
1 
0.6
7 
0.5
7 14.05% 5 
Consistenc
y Ratio: 
0.37 
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Planning 
& Product 
Design 
1 - 1 1.33 
0.8
0 
0.7
8 15.89% 4 
Lambda: 
6.046 
Complian
ce to 
Regulatio
ns 
1.01
42 1 - 
1.4
3 1 1 17.80% 3 
Consensus
: 59.9% 
Environm
ental 
Quality 
Managem
ent 
1 0.75 
0.6
7 - 
0.7
1 1 13.50% 6  
Governm
ental 
Regulatio
ns 
1.57 1.25 1 
1.4
0 - 
1.3
3 20.59% 1  
Managem
ent 
Commitm
ent 
1.75 1.29 1 
1.1
1 
0.7
5 - 18.16% 2  
 
Table D9 - FAHP consensus indicator for Q19 
Q19 Resource Utilisation 
Risk 
Management 
Reverse 
Logistics 
Normalized 
Principal 
Eigenvector 
Rank   
Resource 
Utilisation ‐  2.40  2.43  46.23%  1  Consistency Ratio: 0.37 
Risk 
Management 0.71  ‐  2.25  36.31%  2  Lambda: 3.008 
Reverse 
Logistics 0.40  0.44  ‐  17.46%  3  Consensus: 70.1% 
 
Table D10 - FAHP consensus indicator for Q22 
Q22 Labour Efficiency 
Stakeholders 
Involvement 
Injury 
Prevention 
Normalized 
Principal 
Eigenvector 
Rank     
Labour 
Efficiency ‐  2.33  1.44  47.60%  1  Consistency Ratio: 0.37 
Stakeholders 
Involvement 0.43  ‐  0.75  21.80%  3  Lambda: 3.005 
Injury 
Prevention 0.67  1.33  ‐  30.60%  2  Consensus: 71.2% 
 
 
Table D11 - FAHP consensus indicator for Q24 
Q24 
Employm
ent 
Creation 
Rates 
Adoptio
n of 
Safety 
Traini
ng 
Rates 
Normalized Principal 
Eigenvector 
Ran
k   
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Measur
es 
Employm
ent 
Creation 
Rates 
‐  0.67  0.60  24.40%  3  Consistency Ratio: 0.37 
Adoption 
of Safety 
Measures 
1.44  ‐  1.00  36.30%  2  Lambda: 3.001 
Training 
Rates 1.67  1.00  ‐  39.30%  1  Consensus: 64.6% 
 
Table D 12 - FAHP consensus indicator for Q26 
Q26 Customer Retention 
Labour 
Equity 
Quality of 
Employee 
Life 
Normalized 
Principal 
Eigenvector 
Rank   
Customer 
Retention ‐  1.56  1.00  37.54%  1  Consistency Ratio: 0.37 
Labour 
Equity 0.67  ‐  0.67  24.91%  3  Lambda: 3.001 
Quality of 
Employee 
Life 
1.00  1.50  ‐  37.54%  1  Consensus: 66% 
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Appendix D – TISM Tabular Results 
 
1 – Structural Self Interaction Matrices  
 
Table E1 - Q5.1. Economic Vs Environmental 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 16 1 0 Economic has a Positive relationship 
when related to Environmental KPIs. 
 
N 6 0 1 
E 6 1 1 
O 0 0 0 
Thus in the pairwise comparison of Economic-Environmental, the relationship is P. 
Table E2 - Q5.2. Economic vs Social 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 20 1 0 
Economic has a Positive Relationship 
when related to Social KPIs. 
N 2 0 1 
E 6 1 1 
O 0 0 0 
Thus in the pairwise comparison of Economic-Social, the relationship is P. 
Table E3 - Q5.3. Environmental vs. Social 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 
Environmental has a Positive 
Relationship when related to Social KPIs. 
N 6 0 1 
E 10 1 1 
O 0 0 0 
Thus in the pairwise comparison of Environmental-Social, the relationship is P. Subsequently, 
according to the above 3 tables, it is evident that the relationship of importance can be 
represented as; Economic > Environmental > Social KPIs.  
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Table E4 - Q6.1. Operational vs Tactical 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 20 1 0 Operational has a Positive relationship 
when related to Tactical decisions within 
Economics. 
 
N 2 0 1 
E 6 1 1 
O 0 0 0 
Thus in the pairwise comparison of Operational-Tactical, the relationship is P with an overall 
value of 26. 
Table E5 - Q6.2. Operational vs Strategic 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 Operational has a Positive relationship 
when related to Strategic decisions within 
Economics. 
. 
 
N 10 0 1 
E 6 1 1 
O 0 0 0 
Thus in the pairwise comparison of Operational-Strategic, the relationship is P with an overall 
value of 18. 
Table E6 - Q6.3. Strategic vs Tactical 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 18 1 0 Strategic has a Positive relationship 
when related to Tactical decisions within 
Economics. 
. 
 
N 4 0 1 
E 6 1 1 
O 0 0 0 
Thus in the pairwise comparison of Strategic-Tactical, the relationship is P with an overall value 
of 24. Subsequently, according to the above 3 tables, it is evident that the relationship of 
importance can be represented as; Operational > Strategic > Tactical decisions within Economic 
infrastructure.  
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Table E7 - Q8.1. Operational Costs vs Customer Satisfaction Rates 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 16 1 0 Operational Costs have a Positive 
relationship when related to Customer 
Satisfaction Rates. 
 
N 8 0 1 
E 4 1 1 
O 0 0 0 
 
Table E8 - Q8.2. Operational costs vs Production Efficiency 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 16 1 0 Operational Costs have a Positive 
relationship when related to Production 
Efficiency. 
 
N 8 0 1 
E 4 1 1 
O 0 0 0 
 
Table E9 - Q8.3. Operational costs vs Inventory costs 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 14 1 0 Operational Costs have a Positive 
relationship when related to Inventory 
Costs. 
 
N 4 0 1 
E 10 1 1 
O 0 0 0 
 
Table E10 - Q8.4. Operational costs vs Production flexibility 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 Operational Costs have a Positive 
relationship when related to Production 
Flexibility 
N 6 0 1 
E 8 1 1 
O 0 0 0 
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Table E11 - Q8.5. Customer satisfaction rates vs Production Efficiency 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 20 1 0 Customer Satisfaction Rates have a 
Positive relationship when related to 
Production Efficiency 
N 6 0 1 
E 2 1 1 
O 0 0 0 
 
Table E12 - Q8.6. Customer satisfaction rates vs Inventory costs 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 20 1 0 Customer Satisfaction Rates have a 
Positive relationship when related to 
Inventory Costs 
N 6 0 1 
E 2 1 1 
O 0 0 0 
 
Table E13 - Q8.7. Customer satisfaction rates vs Production flexibility 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 18 1 0 Customer Satisfaction Rates have a 
Positive relationship when related to 
Production Flexibility 
N 6 0 1 
E 4 1 1 
O 0 0 0 
 
Table E14 - Q8.8. Production Efficiency vs Inventory costs 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 14 1 0 Production Efficiency has a Positive 
relationship when related to Inventory 
Costs 
N 4 0 1 
E 10 1 1 
O 0 0 0 
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Table E15 - Q8.9. Production Efficiency vs Production flexibility 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 16 1 0 Production Efficiency has a Positive 
relationship when related to Production 
Flexibility 
N 4 0 1 
E 8 1 1 
O 0 0 0 
 
Table E16 - Q8.10. Inventory costs vs Production flexibility 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 Inventory Costs has a Positive 
relationship when related to Production 
Flexibility 
N 10 0 1 
E 6 1 1 
O 0 0 0 
 
Table E17 - Q10.1. Investment costs vs Supplier Selection Costs 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 22 1 0 Investment costs has a Positive 
relationship when related to Supplier 
Selection Costs 
N 6 0 1 
E 0 1 1 
O 0 0 0 
 
Table E18 - Q10.2. Investment costs vs Logistics Costs 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 20 1 0 Investment costs has a Positive 
relationship when related to Logistics 
Costs 
N 6 0 1 
E 2 1 1 
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O 0 0 0 
 
Table E19 - Q10.3. Supplier Selection Costs vs Logistics Costs 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 Supplier Selection Costs has an Equal 
relationship when related to Logistics 
Costs 
N 12 0 1 
E 4 1 1 
O 0 0 0 
 
Table E20 - Q12.1. Return on investment vs Capacity utilization 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 20 1 0 Return on investment has a Positive 
relationship when related to Capacity 
utilization 
N 4 0 1 
E 4 1 1 
O 0 0 0 
 
Table E21 - Q12.2. Return on investment vs Perceived value of product 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 22 1 0 Return on investment has a Positive 
relationship when related to Perceived 
Value of Product 
N 2 0 1 
E 4 1 1 
O 0 0 0 
 
Table E22 - Q12.3. Capacity utilization vs Perceived value of product 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 14 1 0 
N 8 0 1 
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E 6 1 1 Capacity Utilisation has a Positive 
relationship when related to Perceived 
Value of Product O 0 0 0 
 
Table E23 - Q13.1. Operational Environmental Decisions vs Tactical Environmental 
Decisions 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 22 1 0 Operational Environmental Decisions 
have a Positive relationship when related 
to Tactical Environmental Decisions 
N 2 0 1 
E 4 1 1 
O 0 0 0 
 
Table E24 - Q13.2. Operational Environmental Decisions vs Strategic Environmental 
Decisions 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 10 1 0 Operational Environmental Decisions 
have a Negative relationship when 
related to Strategic Environmental 
Decisions 
N 14 0 1 
E 4 1 1 
O 0 0 0 
 
Table E25 - Q13.3. Strategic Environmental Decisions vs Tactical Environmental 
Decisions 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 24 1 0 Strategic Environmental Decisions have a 
Positive relationship when related to 
Tactical Environmental Decisions 
N 0 0 1 
E 4 1 1 
O 0 0 0 
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Table E26 - Q15.1. Greenhouse Gas emission rates vs Noise rates 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 26 1 0 Greenhouse Gas Emission Rates have a 
Positive relationship when related to 
Noise Rates 
N 0 0 1 
E 2 1 1 
O 0 0 0 
Table E27 - Q15.2. Greenhouse Gas emission rates vs Waste Management rates 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 Greenhouse Gas emission rates have a 
Negative relationship when related to 
Waste Management rates 
N 2 0 1 
E 14 1 1 
O 0 0 0 
 
Table E28 - Q15.3. Noise rates vs Waste Management rates 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 Noise Rates have a Negative relationship 
when related to Waste Management 
Rates 
N 14 0 1 
E 2 1 1 
O 0 0 0 
 
Table E29 – Q17.1. Innovation & improvement vs Planning and Product Design 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Planning & Product Design 
N 4 0 1 
E 12 1 1 
O 0 0 0 
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Table E30 – Q17.2. Innovation & improvement vs Compliance to regulations 
Symbol Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value 
Meaning 
P 10 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Compliance to Regulations N 10 0 1 E 8 1 1 
O 0 0 0 
 
Table E31 – Q17.3. Innovation & improvement vs Environmental Quality management 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 14 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management 
N 10 0 1 
E 8 1 1 
O 0 0 0 
 
Table E32 - Q17.4. Innovation & improvement vs Governmental Regulations 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 10 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management 
N 12 0 1 
E 6 1 1 
O 0 0 0 
 
Table E33 – Q17.5. Innovation & improvement vs Management Commitment 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 8 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management 
N 12 0 1 
E 6 1 1 
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O 0 0 0 
 
Table E34 – Q17.6. Planning and Product Design vs Compliance to regulations 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 6 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management 
N 10 0 1 
E 12 1 1 
O 0 0 0 
 
Table E35 - Q17.7. Planning and Product Design vs Environmental Quality management 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 22 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management 
N 4 0 1 
E 2 1 1 
O 0 0 0 
 
Table E36 - Q17.8. Planning and Product Design vs Governmental Regulations 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management 
N 12 0 1 
E 4 1 1 
O 0 0 0 
 
Table E37 – Q17.9. Planning and Product Design vs Management Commitment 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 10 1 0 
N 10 0 1 
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E 6 1 1 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management O 0 0 0 
 
Table E38 Q17.10. Compliance to regulations vs Environmental Quality management 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 18 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management 
N 2 0 1 
E 6 1 1 
O 0 0 0 
 
Table E39 - Q17.11. Compliance to regulations vs Governmental Regulations 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management 
N 8 0 1 
E 8 1 1 
O 0 0 0 
 
Table E 40 – Q17.12. Compliance to regulations vs Management Commitment 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 14 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management 
N 8 0 1 
E 6 1 1 
O 0 0 0 
 
Table E41 – Q17.13. Environmental Quality management vs Governmental Regulations 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
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P 4 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management 
N 16 0 1 
E 8 1 1 
O 0 0 0 
 
Table E42 – Q17.14. Environmental Quality management vs Management Commitment 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management 
N 10 0 1 
E 6 1 1 
O 0 0 0 
 
Table E 43 - Q17.15. Governmental Regulations vs Management Commitment 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 14 1 0 Innovation & Improvement has a 
Positive relationship when related to 
Environmental Quality Management 
N 6 0 1 
E 6 1 1 
O 0 0 0 
 
Table E44 - Q19.1. Resource Utilization vs Risk Management 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 Resource Utilisation has a Positive 
relationship when related to Risk 
Management 
N 8 0 1 
E 8 1 1 
O 0 0 0 
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Table E 45 – Q19.2. Resource Utilization vs Reverse Logistics 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 20 1 0 Resource Utilisation has a Positive 
relationship when related to Reverse 
Logistics 
N 2 0 1 
E 6 1 1 
O 0 0 0 
 
Table E 46 – Q19.3. Risk Management vs Reverse Logistics 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 20 1 0 Risk Management has a Positive 
relationship when related to Reverse 
Logistics 
N 4 0 1 
E 4 1 1 
O 0 0 0 
 
Table E 47 – Q20.1. Operational Social Decisions vs Tactical Social Decisions 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 20 1 0 Operational Social Decisions has a 
Positive relationship when related to 
Tactical Social Decisions 
N 4 0 1 
E 4 1 1 
O 0 0 0 
 
Table E48 – Q20.2. Operational Social Decisions vs Strategic Social Decisions 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 12 1 0 Operational Social Decisions has a 
Positive relationship when related to 
Strategic Social Decisions 
N 12 0 1 
E 4 1 1 
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O 0 0 0 
 
Table E 49 – Q20.3. Strategic Social Decisions vs Tactical Social Decisions 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 22 1 0 Strategic Social Decisions has a Positive 
relationship when related to Tactical 
Social Decisions 
N 0 0 1 
E 6 1 1 
O 0 0 0 
 
Table E 50 – Q22.1. Labour Efficiency vs Stakeholders involvement 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 16 1 0 Labour Efficiency has a Positive 
relationship when related to Stakeholders 
Involvement 
N 6 0 1 
E 6 1 1 
O 0 0 0 
Table E 51 – Q22.2. Labour Efficiency vs Injury Prevention 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 14 1 0 Labour Efficiency has a Positive 
relationship when related to Injury 
Prevention 
N 10 0 1 
E 4 1 1 
O 0 0 0 
 
Table E 52 – Q22.3. Injury prevention vs Stakeholders involvement 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 18 1 0 Injury Prevention has a Positive 
relationship when related to Stakeholder 
Involvement 
N 6 0 1 
E 4 1 1 
O 0 0 0 
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Table E 53 – Q24.1. Employment creation rates vs Adoption of Safety Practices 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 14 1 0 Employment Creation Rates has an 
Equal relationship when related to 
Adoption of Safety Practices 
N 14 0 1 
E 0 1 1 
O 0 0 0 
Table E 54 - Q24.2. Employment creation rates vs Training Rates 
Symbol Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value 
Meaning 
P 14 1 0 Employment Creation Rates has an 
Equal relationship when related to 
Training Rates N 14 0 1 E 0 1 1 
O 0 0 0 
Table E 55 - Q24.3. Training Rates vs Adoption of Safety Practices 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 8 1 0 Training Rates has a Negative 
relationship when related to Adoption of 
Safety Practices 
N 14 0 1 
E 6 1 1 
O 0 0 0 
 
Table E 56 - Q26.1. Customer Retention vs Labour Equity 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 18 1 0 Customer Retention has a Positive 
relationship when related to Labour 
Equity 
N 4 0 1 
E 6 1 1 
O 0 0 0 
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Table E 57 – Q26.2. Customer Retention vs Quality of employee life 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 14 1 0 Customer Retention has a Positive 
relationship when related to Quality of 
Employee Life 
N 6 0 1 
E 8 1 1 
O 0 0 0 
 
Table E 58 – Q26.3. Labour Equity vs Quality of employee life 
Symbol 
Relationship 
Direction 
Frequency 
L-R 
value 
R-L 
Value Meaning 
P 16 1 0 
Labour Equity has a Positive relationship 
when related to Quality of Employee Life 
N 6 0 1 
E 6 1 1 
O 0 0 0 
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2 – Reachability Matrices for each question 
 
Table E 59 - Reachability Matrix for Economic, Environmental and Social – numerical 
values 
 Right Category 
D
ep
en
de
nc
e 
Po
w
er
 
Left Category 
Ec
on
om
ic 
En
vir
on
me
nta
l 
So
cia
l 
Economic  22 26 48 
Environmental 12  22 34 
Social 8 16  24 
Drive Power 20 38 48  
As can be seen in the above table, the frequency of choices has been developed according to 
the results from the survey responses, and this further supports the aforementioned 
representation of the relationship across these KPI categories.  
Economic > Environmental > Social  
Table E 60 - Reachability Matrix for Economic, Environmental and Social 
 Right Category 
Left Category 
Ec
on
om
ic 
En
vir
on
me
nta
l 
So
cia
l 
Economic  1 1 
Environmental 0  1 
Social 0 0  
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Table E 61 - Reachability Matrix for Economic Decision levels of Operational, Strategic 
& Tactical 
 Right Category 
D
ep
en
de
nc
e 
Po
we
r 
Left Category 
Op
era
tio
na
l 
Str
ate
gic
 
Ta
cti
cal
 
Operational  18 26 44 
Strategic 16  24 40 
Tactical 8 10  18 
Drive Power 24 28 50  
As can be seen in the above table, the frequency of choices has been developed according to 
the results from the survey responses, and this further supports the aforementioned 
representation of the relationship across these KPI categories with the following valuation; 
Operational > Strategic > Tactical 
 
Table E 62 - Reachability Matrix for (Q6) Economic Decision levels of Operational, 
Strategic & Tactical 
 Right Category 
Left Category 
Op
era
tio
na
l 
Str
ate
gic
 
Ta
cti
cal
 
Operational  1 1 
Strategic 0  1 
Tactical 0 0  
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Table E 63 - Reachability Matrix for Q8 (numerical) 
 Right Category 
D
ep
en
de
nc
e 
Po
we
r Left Category 
Op
era
tio
na
l C
ost
s 
Cu
sto
me
r S
ati
sfa
cti
on
 
Ra
tes
 
Pr
od
uc
tio
n E
ffic
ien
cy 
Inv
ent
ory
 Co
sts
 
Pr
od
uc
tio
n F
lex
ibi
lity
 
Operational Costs  20 20 24 20 84 
Customer Satisfaction Rates 12  22 22 22 78 
Production Efficiency 12 8  28 24 72 
Inventory Costs 14 8 14  18 54 
Production Flexibility 14 10 12 16  52 
Drive Power 52 46 68 90 84  
 
Operational Costs > Customer Satisfaction Rates > Production Efficiency > Inventory 
Costs > Production Flexibility 
 
Table E 64 - Reachability Matrix for Q8 
 Right Category 
Left Category 
Op
era
tio
na
l C
ost
s 
Cu
sto
me
r S
ati
sfa
cti
on
 
Ra
tes
 
Pr
od
uc
tio
n E
ffic
ien
cy 
Inv
ent
ory
 Co
sts
 
Pr
od
uct
ion
 Fl
exi
bil
ity
 
Operational Costs  1 1 1 1 
Customer Satisfaction Rates 0  1 1 1 
Production Efficiency 0 0  1 1 
Inventory Costs 0 0 0  1 
Production Flexibility 0 0 0 0  
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Table E 65 - Reachability Matrix for Q10 (Numerical) 
 Right Category 
D
ep
en
de
nc
e 
Po
we
r Left Category 
Inv
est
me
nt 
Co
sts
 
Su
pp
lier
 Se
lec
tio
n C
ost
s 
Lo
gis
tic
s C
ost
s 
Investment Costs  22 22 44 
Supplier Selection Costs 6  16 22 
Logistics Costs 8 16  24 
Drive Power 14 38 38  
As can be seen in the above table;  
Investment Costs > Supplier Selection Costs > Logistics Costs 
 
Table E 66 - Reachability Matrix for Q10 
 Right Category 
Left Category 
Inv
est
me
nt 
Co
sts
 
Su
pp
lier
 Se
lec
tio
n C
ost
s 
Lo
gis
tic
s C
ost
s 
Investment Costs  1 1 
Supplier Selection Costs 0  1 
Logistics Costs 0 1  
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Table E 67 - Reachability Matrix for Q12 
 Right Category 
D
ep
en
de
nc
e 
Po
w
er
 
Left Category 
Re
tur
n o
n  
inv
est
me
nt 
Ca
pa
cit
y  
uti
liza
tio
n 
Pe
rce
ive
d v
alu
e  
of 
pro
du
ct 
Return on investment  24 26 50 
Capacity utilization 8  20 28 
Perceived value of product 6 14  20 
Drive Power 14 38 46  
As can be seen from the table above: 
Perceived Value of Product > Capacity Utilisation > Return on investment 
 
Table E 68 - Reachability Matrix for Q12 
 Right Category 
Left Category 
Re
tur
n o
n  
inv
est
me
nt 
Ca
pa
cit
y  
uti
liza
tio
n 
Pe
rce
ive
d v
alu
e  
of 
pr
od
uct
 
Return on investment  1 1 
Capacity utilization 0  1 
Perceived value of product 0 0  
 
Table E 69 - Reachability Matrix for Q13 (Numerical Values) 
 Right Category 
D
ep
en
de
nc
e 
Po
w
er
 
Left Category 
Op
era
tio
na
l  
En
vir
on
me
nta
l  
De
cis
ion
s 
Str
ate
gic
 
En
vir
on
me
nta
l  
De
cis
ion
s 
Ta
cti
cal
 
En
vir
on
me
nta
l  
De
cis
ion
s 
Operational Environmental Decisions  14 26 40 
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Strategic Environmental Decisions 18  28 46 
Tactical Environmental Decisions 6 4  10 
Drive Power 24 18 54  
As can be seen from the table above: 
Strategic Environmental Decisions > Operational Environmental Decisions > Tactical 
Environmental Decisions 
Table E 70 - - Reachability Matrix for Q13 
 Right Category 
Left Category 
Op
era
tio
na
l  
En
vir
on
me
nta
l  
De
cis
ion
s 
Str
ate
gic
 
En
vir
on
me
nta
l  
De
cis
ion
s 
Ta
cti
cal
 
En
vir
on
me
nta
l  
De
cis
ion
s 
Operational Environmental Decisions  0 1 
Strategic Environmental Decisions 1  1 
Tactical Environmental Decisions 0 0  
 
 
Table E 71 - Reachability Matrix for Q15 (Numerical) 
 Right Category 
D
ep
en
de
nc
e 
Po
w
er
 
Left Category 
Gr
een
ho
use
 G
as 
em
iss
ion
 ra
tes
 
No
ise
 ra
tes
 
Wa
ste
 
Ma
na
gem
en
t 
t
Greenhouse Gas emission rates  28 26 54 
Noise rates 2  14 16 
Waste Management rates 16 16  32 
Drive Power 18 44 40  
As can be seen from the table above: 
Greenhouse Gas emission rates > Waste Management Rates > Noise Rates 
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Table E 72 - Reachability Matrix for Q15 
 Right Category 
Left Category 
Gr
een
ho
use
 G
as 
em
iss
ion
 ra
tes
 
No
ise
 ra
tes
 
Wa
ste
 
Ma
na
gem
en
t 
t
Greenhouse Gas emission rates  1 0 
Noise rates 0  0 
Waste Management rates 1 1  
 
Table E 73 - Reachability Matrix for Q17 (Numerical) 
 Right Category 
D
ep
en
de
nc
e 
Po
w
er
 
Le
ft 
Ca
te
go
ry
 
Inn
ova
tio
n &
 Im
pr
ove
me
nt 
Pla
nn
ing
 &
 Pr
od
uc
t D
esi
gn
 
Co
mp
lia
nc
e t
o r
egu
lat
ion
s 
En
vir
on
me
nta
l Q
ua
lity
 
ma
na
gem
ent
 
Go
ver
nm
en
tal
 Re
gu
lat
ion
s 
Ma
na
gem
ent
 Co
mm
itm
ent
 
Innovation & Improvement  24 18 22 16 14 94 
Planning & Product Design 16  18 24 16 16 90 
Compliance to regulations 18 22  24 16 16 104 
Environmental Quality 
management 
18 6 8  12 18 
62 
Governmental Regulations 18 16 16 24  20 94 
Management Commitment 18 16 14 16 12  76 
Drive Power 88 84 74 110 72 84  
 
Compliance to Regulations > Innovation & Improvement = Governmental Regulation > 
Planning & Product Design > Management Commitment > Environmental Quality 
Management  
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Table E 74 - Reachability Matrix for Q17 
 Right Category 
Le
ft 
C
at
eg
or
y 
Inn
ova
tio
n &
 Im
pr
ov
em
ent
 
Pla
nn
ing
 &
 Pr
od
uc
t D
esi
gn
 
Co
mp
lia
nc
e t
o r
egu
lat
ion
s 
En
vir
on
me
nta
l Q
ua
lity
 
ma
na
gem
ent
 
Go
ver
nm
ent
al 
Re
gu
lat
ion
s 
Ma
na
gem
en
t C
om
mi
tm
en
t 
Innovation & Improvement  1 1 1 0 0 
Planning & Product Design 0  1 1 1 1 
Compliance to regulations 0 0  1 1 1 
Environmental Quality 
management 
0 0 0  1 1 
Governmental Regulations 1 0 0 0  1 
Management Commitment 1 0 0 0 0  
 
Table E 75 - Reachability Matrix for Q19 (Numerical) 
 Right Category 
D
ep
en
de
nc
e 
Po
w
er
 Left Category 
Re
sou
rce
 Ut
iliz
ati
on
 
Ri
sk 
Ma
na
gem
ent
 
Re
ver
se 
Lo
gis
tic
s 
Resource Utilization  20 26 46 
Risk Management 16  24 40 
Reverse Logistics 8 8  16 
Drive Power/ 24 28 50  
 
As can be seen from the table above: 
Resource Utilisation > Risk Management > Reverse Logistics 
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Table E 76 - Reachability Matrix for Q19 
 Right Category 
Left Category 
Re
sou
rce
 Ut
iliz
ati
on
 
Ris
k M
an
age
me
nt 
Re
ver
se 
Lo
gis
tic
s 
Resource Utilization  1 1 
Risk Management 0  1 
Reverse Logistics 0 0  
 
Table E 77 - Reachability Matrix for Q20 
 Right Category 
D
ep
en
de
nc
e 
Po
w
er
 Left Category 
Op
era
tio
na
l S
oci
al 
 
De
cis
ion
s 
Str
ate
gic
 So
cia
l  
De
cis
ion
s 
Ta
cti
cal
 So
cia
l  
De
cis
ion
s 
Operational Social Decisions  16 24 40 
Strategic Social Decisions 16  28 44 
Tactical Social Decisions 8 0  8 
Drive Power 24 16 52  
 
As can be seen from the table above: 
Strategic Social Decisions > Operational Social Decisions > Tactical Social Decisions 
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Table E 78 - Reachability Matrix for Q20 
 Right Category 
Left Category 
Op
era
tio
na
l S
oci
al 
 
De
cis
ion
s 
Str
ate
gic
 So
cia
l  
De
cis
ion
s 
Ta
cti
cal
 So
cia
l  
De
cis
ion
s 
Operational Social Decisions  1 1 
Strategic Social Decisions 0  1 
Tactical Social Decisions 0 0  
 
Table E 79 - Reachability Matrix for Q22 (Numerical) 
 Right Category 
D
ep
en
de
nc
e 
Po
we
r 
Left Category 
La
bo
ur
 ef
fic
ien
cy 
Sta
keh
old
ers
 in
vol
vem
ent
 
Inj
ur
y p
rev
ent
ion
 
Labour efficiency  22 18 40 
Stakeholders involvement 12  10 22 
Injury prevention 14 22  26 
Drive Power 26 44 28  
 
As can be seen from the table above: 
Labour Efficiency > Injury Prevention > Stakeholders Involvement 
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Table E 80 - Reachability Matrix for Q22 
 Right Category 
Left Category 
La
bo
ur
 ef
fic
ien
cy 
Sta
ke
ho
lde
rs 
inv
olv
em
ent
 
Inj
ur
y p
rev
en
tio
n 
Labour efficiency  1 1 
Stakeholders involvement 0  0 
Injury prevention 0 1*  
 
Table E 81 - Reachability Matrix for Q24 (Numerical) 
 Right Category 
D
ep
en
de
nc
e 
Po
we
r 
Left Category Employment 
Creation 
Rates 
Adoption 
of Safety 
Practices 
Training 
Rates 
Employment 
Creation Rates 
 14 14 28 
Adoption of 
Safety 
Practices 
14  14 28 
Training Rates 14 14  28 
Drive Power 28 28 28  
 
As can be seen from the table above: 
Employment Creation Rates = Adoption of Safety Practices = Training Rates 
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Table E 82 - Reachability Matrix for Q24 
 Right Category 
Left Category 
Em
plo
ym
ent
 
Cr
eat
ion
 Ra
tes
 
Ad
op
tio
n o
f 
Sa
fet
y P
rac
tic
es 
Tr
ain
ing
 Ra
tes
 
Employment Creation Rates 0 1 1 
Adoption of Safety Practices 1 0 1 
Training Rates 1 0 0 
 
Table E 83 - Reachability Matrix for Q26 (Numerical) 
 Right Category 
D
ep
en
de
nc
e 
Po
we
r Left Category 
Cu
sto
me
r 
Re
ten
tio
n 
La
bo
ur
 
Eq
uit
y 
Qu
ali
ty 
of 
em
plo
yee
 
life
 
Customer Retention  24 22 46 
Labour Equity 10  22 32 
Quality of employee 
life 
14 12  26 
Drive Power 24 36 44  
As can be seen in the above table;  
Customer Retention > Labour Equity > Quality of Employee Life 
Table E 84 - Reachability Matrix for Q26 
 Right Category 
Left Category 
Cu
sto
me
r 
Re
ten
tio
n 
La
bo
ur
 
Eq
uit
y 
Qu
ali
ty 
of 
em
plo
yee
 
life
 
Customer Retention 0 1 1 
Labour Equity 0 0 1 
Quality of employee life 0 0 0 
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Appendix E – DSS Company Scores 
This section presents the results each of the companies acquired from their pilot of the DSS.  
Company A results are further presented here; 
Table F 1 - Company A Performance Ratings 
KPI Performance Rating Company Performance 
Customer Satisfaction Rates 4 0.068 
Operational Costs  3 0.046 
Investment Cost  4 0.058 
Return on Investment  4 0.055 
GHG Emission Rates  3 0.037 
Logistic Cost 2 0.020 
Capacity Utilisation 2 0.016 
Labour Efficiency  3 0.025 
Waste Management  4 0.029 
Injury Prevention  5 0.026 
Resource Utilization  3 0.015 
Training Rates  4 0.017 
Risk Management  3 0.012 
Adoption of Safety Practices  4 0.015 
Customer Retention  5 0.015 
Quality of Employee Life  3 0.009 
Governmental Regulations  3 0.006 
Management Commitment  5 0.008 
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Figure F 1 - Company A Performance Histogram 
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Figure F 2 - Company A Performance Chart 
The following were the results acquired from Company B; 
Table F 2 - Company B Performance Ratings 
KPI Performance Rating Company Performance 
Customer Satisfaction Rates 3 0.051 
Operational Costs  4 0.061 
Investment Cost  4 0.058 
Return on Investment  3 0.041 
GHG Emission Rates  1 0.012 
Logistic Cost 2 0.020 
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Capacity Utilisation 3 0.025 
Labour Efficiency  5 0.041 
Waste Management  2 0.015 
Injury Prevention  3 0.016 
Resource Utilization  3 0.015 
Training Rates  1 0.004 
Risk Management  2 0.008 
Adoption of Safety Practices  4 0.015 
Customer Retention  3 0.009 
Quality of Employee Life  4 0.012 
Governmental Regulations  3 0.006 
Management Commitment  4 0.006 
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Figure F 3 - Company B Performance Histogram 
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Figure F 4 - Company B Performance chart 
Furthermore, Company C results are further presented herein; 
Table F 3 - Company C Performance Ratings 
KPI Performance 
Rating 
Company 
Performance 
Customer Satisfaction Rates 3 0.051 
Operational Costs  5 0.076 
Investment Cost  4 0.058 
Return on Investment  5 0.069 
GHG Emission Rates  4 0.049 
Logistic Cost  3 0.031 
Capacity Utilisation  3 0.025 
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Labour Efficiency  3 0.025 
Waste Management  2 0.015 
Injury Prevention  2 0.010 
Resource Utilization  4 0.020 
Training Rates  2 0.008 
Risk Management  4 0.016 
Adoption of Safety Practices  3 0.011 
Customer Retention  4 0.012 
Quality of Employee Life  3 0.009 
Governmental Regulations  4 0.007 
Management Commitment  2 0.003 
 
 
Figure F 5 - Company C Performance Histogram 
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Figure F 6 - Company C Performance chart 
The following are the results accumulated from Company D: 
Table F 4 - Company D Performance Ratings 
KPI Performance Rating 
Company 
Performance 
Customer Satisfaction Rates 4 0.068 
Operational Costs  3 0.046 
Investment Cost  2 0.029 
Return on Investment  0 0.000 
GHG Emission Rates  2 0.024 
Logistic Cost  3 0.031 
Capacity Utilisation  4 0.033 
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Labour Efficiency  3 0.025 
Waste Management  2 0.015 
Injury Prevention  3 0.016 
Resource Utilization  3 0.015 
Training Rates  1 0.004 
Risk Management  3 0.012 
Adoption of Safety Practices  3 0.011 
Customer Retention  4 0.012 
Quality of Employee Life  3 0.009 
Governmental Regulations  3 0.006 
Management Commitment  4 0.006 
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Figure F 7 - Company D Performance Histogram 
 
Figure F 8 - Company D Performance Chart 
The following are the results from Company E: 
Table F 5 - Company E Performance Ratings 
KPI Performance Rating Company Performance 
Customer Satisfaction Rates 4 0.068 
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Operational Costs  2 0.031 
Investment Cost  1 0.015 
Return on Investment  2 0.027 
GHG Emission Rates  2 0.024 
Logistic Cost 4 0.041 
Capacity Utilisation 4 0.033 
Labour Efficiency  4 0.033 
Waste Management  3 0.022 
Injury Prevention  5 0.026 
Resource Utilization  2 0.010 
Training Rates  4 0.017 
Risk Management  3 0.012 
Adoption of Safety Practices  4 0.015 
Customer Retention  4 0.012 
Quality of Employee Life  4 0.012 
Governmental Regulations  5 0.009 
Management Commitment  5 0.008 
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Figure F 9 - Company E Performance Histogram 
 
Figure F 10 - Company E Performance chart 
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Table F 6 - Company F Performance Ratings 
KPI Performance Rating Company Performance 
Customer Satisfaction Rates 2 0.034 
Operational Costs  4 0.061 
Investment Cost  3 0.044 
Return on Investment  3 0.041 
GHG Emission Rates  4 0.049 
Logistic Cost 2 0.020 
Capacity Utilisation 3 0.025 
Labour Efficiency  4 0.033 
Waste Management  1 0.007 
Injury Prevention  2 0.010 
Resource Utilization  3 0.015 
Training Rates  4 0.017 
Risk Management  4 0.016 
Adoption of Safety Practices  3 0.011 
Customer Retention  3 0.009 
Quality of Employee Life  2 0.006 
Governmental Regulations  3 0.006 
Management Commitment  4 0.006 
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Figure F 11 - Company F Performance Histogram 
 
Figure F 12 – Company F Performance Chart 
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